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Stress Analysis of a Model (miniature) Truss 
Kouhei .Hamada and Masachika Naito 
Abstract 
The measured str出 Sof the truss struclure cloes not always agree to the stress caulculated 
by the Cremonaうsmethod. For the purpose of researching into the relatio11， an experiment 01 
the model truss was triecl by the authers. 1、hemodel truss macle of equal angle steel was 
Warrn type， span length l=360 cm， hight 1zニ:)0cm. The axial forc巴 wasmeasured by the axial 
force load】cell. b the measuring member， the load-cell was inserted insteacl of the member. 
The section of the load-cell was square， so axial force ancl bending moments were measurecl and 
caulculatecl indiviclually. In the members of the truss， the axial force of the upper chorcl member 
was 80-85% of the caulculated value and on the lower chord member it was 75-80%. On the 
other members they were nearly equal. The reactio11 ratio of the main beam to the sub beam 
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反力受持割合(%') 1 41.:3 8.9 
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265 I 93 1 上弦材→型鋼
下1/→軸カ計
トラススパンに対する擦み割合
6.646 X 10-4 1/1505 
9.491 X 10-4 1/1054 
6.233XlO-4 1/1604 














































































1) たとえば鷹部屋福平: 構造力学， IV. 12，彰国社，昭和36年.
2) 同上 133.
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Hydraulic Transport of Solids in Pipes 
Part 4. The Experimental Formulae for the T巳rminal
V eloci ty of a Sphere decelera ted by the Pi pe Wall 
and the Flow Velocity to maintain the 
Suspension of a Sph巴rein a Pipe 
Kyookai Okuda 
Abstract 
In the present paper， the following two velocities areεxamined in terms of dimensionless 
factors: 
a) The mean畳owvelocity in乱 pipeto maintain the suspension of a sphere， v)， 
b) The terminal velocity of a sphere in a pipe， v2・
The experiments were performed by changing the diameter of a sphere d， the speci五cgravity 
。fa sphere 78 and the diameter of a pipe D. 
The results obtained can be summarized mainly as follows: 
a) v!lUt=0.9788-1.145xln (djD十1.0)，
b) vzlUt=1.0-O.908x(djD)1.592， for the spheres falling straightly along the pipe axis， 
or 
り2!Vtニ0.765-0.924x(djD)1.592，for the spheres falling swinging in the pipe， 
where Vt is the terminal velocity of a sphere in unbounded fluid， 
c) The drag coefficient of a sphere in the pipe丑owis larger than that of a sphere in 
unbounded丑uidflow. 
I.まえがき









































38.4， 44.1， 51.4 mm? 
6mmOより 2mm刻みに 22mmOまで
塩化ビニーノレ， 埋込樹脂， ポザカーボネイ卜， ポリステイローノレ
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~2， ~f一昔図4
て述べる。
τ)1> V2を VtでVjおよび叫に及ぼす管壁の影響を表わす要因のーっとして d/Dをとり，
割って無次元化したれ， ~2 を ， d/Dを含む実験式で表現することを試みる。
~j，むが d/Dvこ対してそれぞれ異なる変化を示すことは第 1報でも述べたが，今回の実験







C1 = a+bxln (-~ +1.0) (4) 
なる形の式を採用し，係数 a，bを実験値より定めることとした。最小自乗法により a，bを求
めると，上の実験式は











ミ2ニ 1.0-a(訂 (6 ) 
の形の式を採用し，最小臼乗法によって係数向指数万を定めると
C2 = 1.0-0州ιy泊9 (7) 
となり，告については nは(7)式の値に従がうものとして定数項と係数 G を同じく最小自乗
法によって定めると
I .J ¥1.399 













~2 = 1.0-0蜘(舌)1.592 (10) 
←0.765-0叫昔) (11) 
この 3 式をごb らおよび~:Íを見込む実験式として更めて提
示する。 (9)式より求めたもを図 5に， (10)および (11)式より求
めたむ， 5iを図 6に示した。
(4) ~2j~l-djD， W~I-djD について
今までごb ~2 それぞれが管壁の影響をどう受けるかについて
考察してきたが，ここで V2 とり1 との直接の関係すなわちむ/~1 ま
たは話/~1 と djD との関係を (9) 式と (10) 式， (9)式と (11)式を組
合わせて求めてみる。これらを図示したものは図 7である。すな
わち




























らを dlDをパラメータとして図示すると図 8，凶 9のようになった。これらの図には比較のた
めに無限広がり領域中における球の抗力係数 C1Jの線を記入してある。 dlDが小さい場合ほど













ふ O.llO~O 山 0---"0 1
O. 18()~0. ~:i(l・一一一・ E
0.231-札280 ムー ーー ムー E
o. 281 ~O. 330 ，‘--.. N 
o. 350~O.4仰口一一一一ロ V
O.401~O目 4日)岨一 一・ u
引Iq;Wょが :)i.民主党'IJにおける{jiO)抗)J係数






J = O. 180-0.230・一一一一・ H
= ().2:)]-0.2初 s_一ー-d.li 
= 0.281-0目32ヲ企一一一企 I1
二 O.:1;'0-0. 400ロー一一一ロ v
= 1). 401 ~o. 450・一ーーー・ 11. 
!!!¥I浪広がり領域中における球の抗力係数
103 2 3 4 5 6 7 8910











(3) 管内における球の抗力係数 CnS1，Cns2と粒子レイノルズ数との関係が d/Dをパラメ
ータとして求められ，国 8，凶 9に示されている。 いず
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Simulation Using Computer Model on the Nucleate 
Boiling Phenomenon (1) 
Hideaki Yamagishi and Yutaka Hanaoka 
Abstract 
Many workers have offered various useful theoretical and experimental results in nucleate 
boiling study. It is seem巴dto be expected that these are more confirmed by the fact that nucle回
ate boiling phenomenon can be simulated in arbitrary conditions. This paper is attempted to 
simulat巴 nucleateboiling by computer model based on the results. G巴nerally，nucleate boiling 
is successive of many linkage cycles， each cycle being composed of bubble generation-growth-
departure咽waiting-generation. Data obtained up to the present day by investigaters have been 
applied to each stage. The effect of the separation on the thermal boundary layer by agitation 
of bubbles is neglected， and the modi五edJacob's relation， fdoニconstant，is applied to the check 
of present results， bar is meaning of ensemble mean over the boiling五eld.
Relatively increasing or decreasing heat flux， present value of the constant tends to deviate 
from the one by other investigaters. Mainly it se巴medto be questionable on the treatment of 







































Qo = VorvLN ( 1 ) 
②については気ほうの存在しない領域であり次のように求められる。すなわち自然対流
熱伝達の場合を想定するならば，その場合は N旬数と Ra数の 2つの無次元数で整理できるこ
とが知られている。乱流領域に対してすなわち 2x107<Rα<3 x 1010の範囲では Nu数は (2)式
で表わされる1)。
Nu = CR)!3 (2) 
Cは定数であり Ra数を代入すれば (3)式が得られ，②の場合の伝熱量が計算される。
r sg(T切 - T oo)4a2 11/3 
Qcロ crcpトー ν I ( 3 ) 
したがって全体の伝熱量 Ql'は①と②の和として算出され
Q戸会Qc+Qo (4 ) 
(20) 
















































f do = constant (6 ) 
本報告では気ほうはあらかじめ設定されたサイトすべてから，ある確率で発生するものと
考えているので，伝熱面上全体の平均値として次のようにかく張して表わす。すなわち
































5 6 7 8 9 10 11 oc 
過熱度と離脱気ほう数の関係















































6~70C 附近にあると推察される。第 7 図は第 5 図を両対数グラフに表現し直したものであり，
発生気ほう数 N と過熱度の関係が次式のように得られる。
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核沸騰のディジタノレ・シミュレーション (第 1報) 25 
総伝熱量と過熱度の関係は次式で示されることがわかる。
QTQに L1Tn (9 ) 
ここで nの値はその直線の勾配から 4.2となり， 一般に報告されている指数値2.5-46)の聞の
ほぼ上限附近にある。
(8)， (9)式より発生気ほう数 N と総伝熱量 QTの関係を求めれば次式のように表わされる。
0 0cN ~ 
Jの値は1.2と算出される。
4. 実行結果に対する検討
ここに得られた (8)(9) (10)式の関係だけから， 使用したモテ、ルのよしあしを判断すること
は多少無理があると思われる。その最も大きい理由は (3)式の定数 Cの値は本報告で採用した















よる影響については 5通りの分布状態を選び，表中の case1-case 5の欄により表わした。ま
たそれぞれの分布状態の場合については試行回数によりそれぞれが持つ値の平均値に対する比
を No.1-5の欄に記し， さらにそれらの平均値の全 caseに対する平均値との比を Mean欄
に示した。したがってこの表から判断されるように分布状態の相違によるパラツキは一つの分
布状態における場合の乱数を変化させた時のノくラツキと間程度のゆらぎを示していることがわ
















6. 記 号 表
A却: ぬれ面積 (m2) Qr: 総伝熱量 (kcal/m2h)
Ar: 伝熱面総面積 (m2) Tw: 伝熱面温度 (UC)
C: 定 数 T∞・ 館和水温度 (OC)
L: 水の蒸発潜熱 (kcal/kg) LlT: T，e-T由
N: 発生気ほう数 (1/m2h) Vo: 気ほう体積 (m3)
Qo: 気ほうの運ぶ熱量 (kcal/m2h) A: 伝熱面面積 (m2) D=/A 
Qc: 対流による伝熱量 (kcal/m2h) α: 熱伝達率 (kcal/m2hOC)
α: 温度伝導率 (m2/h) 戸: 熱膨張率
Cp: 水の比熱 (kcal/kgOC) r: 水の動粘性係数 (m2/h)
。:重力加速度 (m/日) pz : 水の密度 (kg/m3)
t: 時 間 (h) pz : 蒸気の密度 (kg/m3)
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Relativities between Sets and Measurements 
Yoshio Kinokuniya* 
Abstract 
This is a renovation report on relativities between sets and measurements. The usual 
outer measure plays an important role in relation to the a priori measure to. Construc-
tions themselves of sets imply many speci五cationsrelative to the measurements of sets. 
The continuum problem. Lebesgue non-measurable sets and the notion of Baire category 
are specially discussed to gain some lights for the renovation of the foundations of analysis. 
o. lntroduction 
Starting the study under the title of “the theory of a priori measure 
in connection with the empiricist theory of sets" and afterwards supple-
menting it by the pragmatist dogma1l， we have more and more been made 
convinced that there should be found tightly intimate relations between the 
notions of‘a setラ and‘its measurement'. Recently we have arrived at some 
important synthetic view on the relative construction of the two notions. 
So we will in this paper state it in several steps of discussion. 
Through several previous papers， we have obtained a course ofaxio幽
matization which can be sketched as follows. 
A collection S of elements in a given universe U is called a descriptive 
collection or an aggregate if it is admitted as decidable that 
(VpE U) (ρεS.v.ρεS). 
If an aggregate A in a euclidean space is considered as determinate， itshould 
be decidable that 
(ヨ.v.五BcA)(伝B>O)
r" referring to the apriori measure. If al members of a family of aggregates 
are contained in a set B and 1iB>O， then the family is said to be uniformly 
bounded. A euclidean space is thought to be epistemologically and prag-
matisly comprehensive if it is related to the a priori measure such that: 
(i) it conforms to the正lxiomof sizeィonformiわら i.e.， ifan aggregate is 
regarded as a limit of summation of some uniformly bounded increasing 
family of aggregates， then its remainder of summation must be measured 
by 税制 tendingto zero; 
(i) the princ争leof destination is applicable， i.e.， for any aggregate A， 
if no other value than a can be induced to be equal to 伝Aon the assump-
*紀国谷芳雄
(29) 
30 y oshio Kinokuniya 
tion that A is m・measurable，then A is m-measurable and最A=a;
(ii) the αpriori construction 01弘明easurementis applicable， i.eリ for
any m-measurable aggregate A the formula 
伝A=ν(A)・μ (0. 1) 
lS e宜ectible.
1n (0.1) f1 referes to the uniform point-measure called the nornwl point-
dimension， and ν(A) is called the inversion number of A in respect toμ-
lJ(A) is considered as an exacti五cationof the notion of 'power' (of a set)， so 
that， by (0.1)， itmay be concluded that: for any two aggregates A， B in 




The aggregates being considered under the above constructions are taken 
to be called (determinate) seお 1nthis view， any euclidean space is taken 
as an a prioriゆace2)reconstructed by the above constructions. 
We have firstly attained the followil1g fundamental theorem. 
Theorem 0 (Theorem 01 Measurement). Any set in a euclidωn乎ace
lS伝・measurable，if we admit iお古5・mωsurevαlue to be possible to be infinite. 
Subsequently， al1 importal1t sight of constructiol1 has been obtained by 
the followil1g theorem. 
Theorem 1 (Theorern 01 Limit). 11 an indexed class 01 seぉ (AJ(IEI) 
in a euclidean学αceis given such that 1 is siηψly ordered and 
VI， Ii:ε1: I <;Ii:. ~ . A， c A， ， 
and 
A = U，E1A" 
αnd if A is regardedω the limit 01 (Aよthenit must be that 
伝A= sup i五A，・
(0.2) 
1n regard to (0.2)， we should thus distil1guish two cases: (i) A is the 
limit of (AJ; (i) A is not the limit of (A，). However， itis 110table that， 
il1 case of (i)， A can also be admitted as an aggregate (al1d hel1ce as a set)， 
because it Is demol1strated as follows: Let E be the euclidean space in 





Relativities between Sets and Measurements 31 
So then， de五ningas 
じA={pεEI(ヨtEI)(戸A，)}，
we may have 
(Vρ叫 (pE.v. it (υAJ) 
If (i) is the case we call A the sum of (AJ and (AJ SU1ηmable， and if (i ) 
is the case we call A the union of (AJ 
By grace of Theorem 1 we have previously concluded， in the empiricist 
pragmatism， that there exists no ordinal number to correspond to the con・
tinuum3). 1n this paper， we refer to this subject again in Sect. 2. 
Let Q be the set of al rational numbers and 
Qx三 {zlz=エ十仏 yEQ}
and V be a set of real numbers such that 
Vx， yεV: x弓と γ.=>.Q沼円Q'I=の
and 
U"EVQx = (一∞，∞)• 
Then V is a Vitali set. If a Vitali set九 iscontained in a set A， then 
九 iscalled a Vitali set in A. 1t is well-known， in the classical analysis， 
that no Vitali set is Lebesgue measurable. However， in our present view， 
any Vitali set is possibly thought to be a (determinate) set (， therefore 税.
measurable， by Theorem 0). The reasoning for this assertion is shown in 
Sect. 2. 
Let U(ム ρ)be a set (called a closed ball (set) in a euclidean space 
de五nedas 
U(ぁρ)三 {qlIqρI~ρ} 
where Iq-pl denotes the distance between the points q and p， and let dA(p) 
be de五nedby 
ゑAnU(ρ，ρ)dA (ρ) ロ lim~一一一一一一一一一伝U(ム ρ) (0. 3) 
Then dA(ρ) is called the lower (normal) density of a set A at the point 1う.
1n this context， one theorem is obtained in comparison with the -density 
theorem判。fLebesgue， and gives us an interesting example of a set which 
may be determinate (therefore 品.measurable)but not Lebesgue measurable. 
The proof of the theorem is attained by making a litle modi五cationof 
a proof of the theorem of Lebesgue， that shall be shown in Sect. 3. 1nci-
dentally， itwill be shown that the usual outer measure (of Lebesgue) plays， 
*) lts content is shown in Sect. 3. 
(31) 
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in this connection， an important role relative to the a priori measure， too. 
1n Sect. 5， a counter example of a set is shown to break the distinc-
tiveness of the notion of Baire category. 
1. Unfinishing lndication 
When a set is taken as a total aggregate of indices， itis called an 
indication. For a simply ordered indication 1， denoting as 
I(K) = U，むな}and 1;κ) = U<く，{c} ， 
if for evrey intermediate κE!*) it is observed that 
ν(h))/ν(I(K)ニ 0，
then 1 is said to be of un finishing tyρe or unfinishing. 
(1. 1) 
For an indexed disjoint class of sets (E，) (cEl) (I: simply ordered)， if
there is a set E such that 
(Yj兇 E)(ヨcEl)(pεE，l and (YcEl) (ρEE，.二}.ρεE)，
(EJ is called a 1うartitionor an 1 -partition of E. F or an 1・partition(E，) 
denoting as 
E(κ)=u，むE，， 
if the family (E(K) (KE1) is summable， we call (E，) summαble. 
If (E，) (cε1) is an l-partition of E and if it is destined that 
Yc， KE1: 伝E， =í元~EK， 
(E，l is said to be size-preserving. 1n this case， in accordance with (0.1) we 
may express lt as 
YcEl :ゑE，=ν・μ(1.2) 
μbeing the normal point-dimension and ν(E，) =νfor al cEl. Then， if
E(ぽ)=u，むE，and E(K) = UKく，E"
we may defi配 !)(lμ))and !)(I(け)by the relations 
伝E(κ)= !)(1(吋)・μandi認EeK)=ν(1(<) .μ(1. 3) 
1n this case， to emphasize the relation (1. 2)， we call it a si却すreservzng
Iアartitionof E. 
If 1 is unfinishing， then about 1ベ1(κ) and !)(lし) defined by (1. 3) the 
relation (1.1) holds. 1n this case， if
0<五E<∞ 
we have 
キ) I.e.，，，手inf，sup t (cε1) 
(32) 
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弱E 一 ν叫(lη)μ 一 レ叫(I町)""ν叫(Iしい吋，). 




From our standpoint， (1. 4) is contradictory， because then limゑE(κ)=綴E>O
by Theorem 1， whereas lim i:五E(ぽ)= 0 by (1. 4). Thus we conclude that: 
T、eorem2. If 1 is a si悦令lツ orderedaggregate of unfinishing t:ツ許可
then for飢ツ setE such that 
。<ゑE<∞， (1. 5) 
there ca，札口istno sizeヲreserVlη!g1三tartitionof E to be su悦批α!ble.
The contradictory relation (1. 4) may， at the first glance， give us the 
suggestion that there possibly is an unvanishing atmosphere4) in the process 
lim (E-E(吋). 1n e妊ect，if we take， instead of i号、 someother measure con-
structed on a special foundation (e. g.， the probability measure of homoge-
neous occurrence of points)， the assertion of Theorem 2 may possibly be 
related to the atmosphere at in五nity.
1ncidentally， ifour work is succeeded by the integral calculus， a non-
summable partition of a set may sometimes be reinstated as meaningful. 
If (Ek) (k = 1， 2， .一)is a size-preserving partition of a set E which satis五es
(1. 5) and if a function f(x) is assigned its values by 
f(x) = (1ー ら) for 託 Ek(k= 1，2， ..) 
and 
lim ek = 0， 
then， for any positive number ε， we may have 
1-e<f(x)<1十 ξ (1. 6) 
almost everywhere， because there is a五niteinteger N such that (1. 6) may 
hold whenever xεEk and k>N， whereof， ifE(λT)=uf:=lEk' we may， in a 
similar way to the case of (1. 4)， have 
iiiE(N)/説E=O.
1n addition， itis notable that we may then have 
jEf(z)k=M 
2. Vitali Set and the Continuum 
Given a set A and a simply ordered indication 1， assume that for each 
tε1 there is a mapping $0， such that $O，(A)=A， and that 
(33) 




if (A，) is a size-preserving I-partition of E and 
0く説E<∞，
according to Theorem 2， 1 cannot be of unfinishing type. However， ifwe 
de品neas 
ι= {x，j叫広三9，(X)}， 
we may have 
E = UXEAEx 
and this relation may not always be denied even when 1 is unfinishing. 
Now， let A = [ -1， 1]， VA be a Vitali set in A and QA be the set of 
al rational numbers contained in A and let 
A勿 ={yjy-XEQA} 
and 
E=υXEflAAx. (2. 1) 
Then it is obvious that 
0<方E<∞.
1n this case， ifwe define as 
九ニ{XEEj(ヨ託九)(x = z+ν) } 
we may have 
E = UYEQA 1う. (2.2) 
However， since QA is an enumerable infinite set and hence， as easily seen， 
is a set of un五nishingtype， and since (Vy) (νεQA) is apparently sizepreserving 
Q[partition of E， by Theorem 2 (2.2) must be meaningless as a summation 
formula. 
If we denote by Q the set of al rational numbers， by R the set of al 
real numbers and define Q" by 
Qセロ {zjz= x+y， yEQ}， 
then we have 
R = UxERQ包 l
to be true. 1n this context， a Vitali set 九 canbe so defined that (Qω) 
(XE VA) may be a minimal subclass of (仏)to satisfy the condition 
(34) 
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R=しJXEVAQ泡.
Then the conception of VA as a collection may be thought to be consistent 
in the meaning that 九 isan indication such that (Qz) (XE九)may五1up 
R with no overlapping. Such an operative meaning of “fillingψ R" may 
not be so clearly found in the co11ection along QA， because QA is firstly 
forced its essential property of enumerability which now turns out to be 
rather independent of the naive meaning of the collection of (2.2). 1n e旺ect，
since the enumerable infiniteness of Q4 implies the unfinishingness of QA， 
the formula (2.2) is， in our view， concluded to give no summation formula. 
1n the classical analysis， the set VA has been decided to be Lebesgue 
non-measurable because of the size-preserving repartition formula (2.2). In 
our course， though the formula (2.2) is denied by Theorem 2， we may find 
no reason to reject the set V4 itself as inconsistent. 1ncidentally， ifVA is 
admitted to be a (determinate) set， itseems no di伍cultto demonstrate that 
if A is an interval of finite length 
i元，九=0.
For a1 above-stated， if九 istaken as a well-ordered aggregate to 
correspond to someτegular ordinal， (2.1) too turns to be inconsistent as 
a summation， because any regular ordinal is apparently of un五nishingtype. 
Moreover， similar relativity is found on the continuum problem too. If the 
continuum hypothesis of Cantor is true， itmust be that， for any interval 
set E of positive iength， we may have 
E=[2 
Q being the initial ordinal of 3rd class. Then， asρis a regular ordinal 
and hence is un五nishing，by Theorem 2 it is impossible that 0<五E<∞、1
so that it must be that 
riiE=O. 
This apparently gives a contradiction. Thus we have the following results. 
T、_eorem3. If the ordinal of 3rd class is to be ad，悦 itteえ the co礼司
tinuum h'ツドthesisof Cantor cannot hold in the emPiricist pragmatis机.
T、_eorem4. If a regular ordinal corresponds to a bounded set A in 
a euclideω'1 s:炉C久 thenit must be that 
伝A=O.
Subsequently， by Theorem 4， itreadily fo11ows that: 
Coroll~弘.ry ち . There can e.J:こ:istno ordinal to correspond to the con-
tinuumち切 theempiricist prag:ηwtis机.
Corollaryも Thewell田orderingtheoγU孔 cannotgenerally beαd机 itted
ネ) Because ({.r}) (xεE) is considered as a size-preserving E-partition of E. 
(35) 
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in the empiricist ρragmatism. 
3. Density Theorems 
For a linear set E (of real numbers) if xεE and 
limηleE円[x一人 x+空]
ムキむ 2h 
me referring to the outer measure， x is called aρoint of density of E. In 
relation to this property the following theorem is known. 
Theorem 7 (Lebesgue Densi，旬 Theor.仰の (1stDensity Theorem). Almost 
問erツ poi;η~t of a Lebesgue悦巴侃札rableset E is a poi;汎tof densit:ッofE. 
It seems very natural if one intends to apply， in any way， the a priori 
measure in place of the outer measure in a similar construction to that of 
Lεbesgue density. Fortunately we obtained the following proposition to be 
true by application of the lower normal density defined by (0.3). The proof 
was attained by making a litle modification of the proof of the Lebesgue 
density theorem cited to a book by J. C. Oxtoby5). For any set E in a 
euclidean space， let the subset Er of E be de五nedas 
丘三{ρEE¥dE(がや)
Theorem 8 (2nd Density Theorem). For a bounded set E in a euclidean 




Proof. For anyε> 0， there may be found a bounded open set G such 
that E，.cG and 
meE，.>(l-e) inG . (3.1) 
Let S be the class of al closed ball sets of positive radius U such that 
UcG 
and 
inEn U~(l+ ε)r.iñU. (3.2) 
Now we first take an arbitrary ball from S as U1ラ andchoose U叶 1ln 
sequence， as follows. Ub • "， U.ぷ Sare disjoint and Sn denotes the subclass 
of al members of S that are disjoint to Ub "'， Un・ Leton be the supremum 
value of the diameters of balls of ~札. Then we choose U叶 1from Sn such 
that， denoting by ¥ U¥the d~ameter of a ball U， we may have 
(36) 
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IU，+11>れ (3. 3) 
Next， we set the assumption that for the set 
E，.= Er-u'('Un (3.4) 
we have 
* meE，・>0. (3.5) 
Then， since 
Z五百Uηミミ勿G<∞
there exists an integer N such that， denoting by m 
spaceキl，we may have 
the dimension of the 
2:;:-Ar十 1仮仏<-3~n meE，.・
We now take a ball VNH that is concentric with UV+k 
Then we have 
hence by (3.6) 
1 VN+k1 = 31 UN+k1 . 




So then u~~ 1 VN+止 cannotcover up the set En so that 
瓦-U:;;~1VN十k弓と0.
Hence， there is a point 
* 1りEK-υ:;;~1VN 日.





As Un are al closed， U~'-1 ~ηis closed. 
which has p as its center. Then， if
So， there must be a ball U(ρ)εl{v 
U(ρ)n U;~1UN吋 =0 ，
by the definition of l'(v we have 
U(p)E8N十1cfor al k = 1， 2ぅ…ラ
ド) 1. e.， al1points in question are containecl in the same刀トclimensiom;leucliclean space. 
(37) 
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hence by (3.3) 
IU(ρ)1 :(九十正一1<2IUN+kI.
On the other hand， as 2inU，ηis convergent， we have 




This is a contradiction. So， there must eventually exist k's such that 
U(ρ) n UN+k弓と必.
Now， let k be the smallest of such k's. Then， as 
U(p)ε8N吋 1， 
by (3.3) we have again 
IU(ρ)1:(ON+k-l<2IUN十kl. 
Besides by grace of (3.9) we have 
(the distance between ρand the center of UN十k)
寸1U(p)1 +すIUN+kI，
then by (3.10) 
寸OM1+ilUMl<|UNi+tiUN十kl231UM，
then by (3.7) 
=;lL| 
Since VN トk and UN十庁 are concentric， this means that 
争モVN枕・
Therefore 
p fl_ E，・ -U%'~lVふ十k，
which is contradictory to (3.8). 
(3.9) 
(3. 10) 
This contradiction may五rstlybe conjectured as caused by the assump-
tion that (Un) make up an in五nitesequence. However， as far as (3.5) holds， 
we have 
Er-U%'~l Uk学必;
then， since U~' Uk is closed， any point of Er -U? U.λand the set u~' Uk are in 
Relativities between Sets and Measurements 39 
a positive distance， so that there may be chosen U，叶 1 from S" and con-
sequently (Uk) must in fact make up an in五nitesequence. 
Thus， as the cause of the above-mentioned contradiction is left only 




me(Er-u U，) = o. 
Besides， as (Un) are disjoint closed sets， we have 
1nErn(uUn)=2伝ErnUn， 
hence by (3.2) 
ミ(1+s)r.2勿¥U勾ミ (l+s)r.i五G，
then by (3. 1) 
く:十S R 少一一-'-r・mρE
f 一ε
On the other hand 
t元E.r=五Ern(uUn)+綴(Er-uUn)
ミミ伝Ern (uUn) + me(Er -LJ Un) ， 





Since s is arbitrary， we ultimately have 
五足Erミr.meEr Q. E. D. 
4. Homogeneous Probability 
(3. 11) 
(3.12) 
When observation of points is restricted within a set E in a euclidean 
space， ifthe occurrence of points in a special subset A of E is everywhere 
expected with the same probability 71:， or， in other words， there is an aleatory 
variable point P such that 
vρ，qεE: p，.(P=ρ) = Pr(P= q) 
and for every open set G c E 
Pr(PεA n G)/Pr(PEE円G)=π(，;1) ， 
then A is said to have homogeneous probabilityπin E. In this case， ifE 
is an open set， itis easily seen that 
¥11ぅεA:dA(p) =π. 
(39) 
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If we use a Vitali set Vr in a bounded interval 1， we may really， for 
any 0<π< 1， construct a subset A of 1 which has homogeneous probability 
πin 1， as follows: Denoting by Q the set of al rational numbers， we may 
readily divide Q into two sets Ql and Q2 such that Ql n Q2 =必 andQl has 
homogeneous probability πin Q. Then， ifwe de五neas 
A = {xE11(ヨγ刊)(X-YEQ1)} ， 
obviously A has homogeneous probability πin 1. 
Theorem 9. 1.J+ a set A has homogeneous 1うrobabilityπina bounded 




and， by the assumption， apparently 
Aニ Aπ={pEAldA(p)~rr} ， 
we have 
meAπ>0. 
Then， by Theorem 8 and (4.2) 
。<π ・ meG~ π ・ meA
1. e.， 
meG~meA . 
Besides， as A c G 
meA~meG . 
Consequently it must be that 
meA = meG Q. E. D. 




m referring to the Lebesgue measure. So， if(4.1) holds， by Theorem 8 it 
must be thatπ=1 (because， when A is Lebesgue measurable， lnA=mA). 
Thus we see that: if a set A has homogeneous probability πin a bounded 
open set and 0 <π< 1， then A cannot be Lebesgue measurable; particularly 
A cannot be a Borel set (because， as well-known， any Borel set is Lebesgue 
measurable). 
(40) 
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5. lndistinctiveness of the Notion of Baire Category 
In analysis， a null set is severally regarded to suggest a degree of 
negligibility of a property which is taken to be examined for each point of 
a、setwhether it is satisfied or not. Similarly， a set of 1st category in the 
sense of Baire*) has been expected to give a sort of negligibility analogous 
to that of a null set. But， after al such expectation， itis found notable 
that the property of 1st category is not so distinctive. We demonstrate it 
in the following by constructing a counter example. 
Lεt R be the set of al points represented as p=(xh …，Xn) (Xh ・，X，匁
being real numbers) the total of which make up a euclidean space of dimen-
sion n， and Q be a subset of R that consists of al points for which al of 
Xh "'， X，ηare rational numbers. Then Q is enumerable， so let it be enu-
merated as Q = (仏)(ん=1，2，・.). 
Now， let it be that 
U>;) = {pεRI Ip-qkl < l/2'k} 
Then sets R<') (ν=1，2， ・ー)de五nedas 
(ν，1::=1，2，…) . 
R<ν) = (R-U;~l U~~)) U (Uj~l {qj}) 
are al， as readily seen， nowhere dense， so that the set 
R*=uR<ν) 
is found to be a set of 1st category. However， itis not difficult to prove 
that 
R*=R， 
whereas R has generally been thought to be of 2nd category. Thus we find 
that the notion of (Baire) category is not distinctive. 
Jo.1athematical Seminar ol the Muror.仰 11st.Tch.， Hokkai・do
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TotallγOrdered Linear Space Structures and Separation 
Theorem in Real Linear Topological Spaces 
Kazuo Iwata 
Abstract 
As a sequel to 21)'， this time in a real linear topological space， the author deals with 
th巴 Hahn-Banachseparation theorem判，i.e.， so-called Mazur's th巴orem)anrl th巴 r巴!ated
problems from th巴view-pointof the totally ordered linear space slructures朴大 ofthe space. 
Introduction. In the preceding note 21)'， in a real linear space 
(excluding the topological consideration) we have dealt with the geometric 
form of the Hahn凶Banachtheorem and the Krein's extension theorem in 
some detaiF. On these subjects， now let the space be equipped with a linear 
topology (occasionally， locally convex)， and let the closed hyperplanes and 
the continuous linear forms thereof be made mention. Thenラ stil more， 
by copying 21)， there are derived the corresponding versions from a general 
view via our new (for the author) means. For caution's sake， these resulting 
versions seem to be somewhat mentionable. 
The nrst part of the matter is concerned with the separation theorem 
of Mazur typet， and the remainder is so with the extension theorem of 
Krein-Rutman typett. 
The author wishes to express his gratitude to Prof. S. Koshi (Hokkaido 
Univ.) for his obliging inspection. 
Preliminaries. Let E be a reallinear space with some non-zero vectors. 
For convenienceラ sake，notations and terminology employed in 21) are avail-
able as they are， except the symbol ，グ andthe Def. 2. g7 is merely sub-
stituted by se， namely e. g.， (E， se) signi五esthe totally ordered linear space 
structure of E with respect to 52. For the latter， see below. 
" That was written under the direction of the Editors of Hokkaido Math. Jour.， and 
was dedicated to Prof. Y. Katsurada (Hokkaido Univ.) on her 60th birthday. 
料 Bythis he means [18)， chap. I， S 5， th. 1]. 
料* For this thought， the author was benefited by D. M. Topping [16)， p.418]. 
t For the former subject matter， compar巴21)with e. g.， (9)， S 8]， [11)， p.460 (Notes and 
Remarks)] and [12)， S 8， Th. 3]. For the later. compare the same with [13)， Th. 3.3]， 
[18)， chap. I， S 3， prop. 1] and [19)， (V， 5.4)， Cor. 1]. 
t Cf. 6)， 7)， 8)and [9)， S 8]. Compare the present Theor巴m2 with [18)， chap. I， !i 5， 
exerc. 3] 
'IH Cf. e. g.， [15)， Th. 2.6.3] or [20)， Th. XIII. 2.3]. Th巴 presentTheorem 3 issubse-
quently compared with [19)， (V， 5.4j] 
(43) 
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Separation theorems. The said defi.nition is modi五edas 
DEFINITION 1. A system A in E is said to lie (resp.， lie semi閉positively，
lie positively) on one side of a hyperplane H = {xEE : f(x) =α} (戸E*being 
non-zero，α五xed)ifα"(f(α) (resp.，α"(f(α) and not al be α，α<f(α)) for 
each member a of A. 
As a topological version of [21)， Th. 1]， we have 
THEOREM 1. Let E be a linear t，φological学aceand A a positively 
indφendent subset of E. A necessarツ ωzdsufficient condition that A lies 
(何学，lies semiアositively，lies 1うositively)on one side ofα closed maximal 
subsμce N(f) 01 E is that ther・eexists aムo.l.s.(E， 3e)， with Ac(E，必)十，
such that (i) holds (何学，(i)ρlus (叫んolds，(i)ρlus (ii) holds)， where 
(i) (E， A)十 containssome non叩 oidopen subset 0 of E ; 
(i) some aoEA is an order unit of (E， 3e); 
(ii) each aEA is an order unit of (E， c9e). 
PROOF. We work with the semi-positive case， and the remains are 
likewise obtained by [21)， Lemmas 1， 2， 3 and 4]. (Necessity) Let 0 "(f(a) 
(aEA) and not al be zero. Take (E， ~1) so that Ac(E， 3e1)+， then (E， f(~l)) 
proves to be a t.0.1. s. as required in view of the “closedness" of N(f). 
(Su伍ciency)Hypothesis implies AUOc(E，見t.Besides， not only αoEA， but 
also xE 0 al are the order units of (E， 3e) since 0 is open for linear to開
pology. These lead up to the conc1usion. 
EXAMPLES. Let the五nitesequence space I_~∞ be equipped with the 
local convexity by the usual inner product. Setting as A = {(αhαh…) :αt=O 
for almost alムZ叫 >O}，an example such that (ii) holds (i. eづ thesu伍cient
condition (strict case) of our [21)， Th. 1] is met) but (i) fails is furnished. 
On the other hand， therein taking another A = {(O，αbαぉ…):αt = 0 for 
almost al ムZαt> O}， an example such that (i) holds (letting Xo = 0， the 
su伍cientcondition of [18)， chap. !I， ~ 5， exerc. 3] is met) or (ii) holds but 
(i) plus (i) fails is furnished. These are because of the fact that given 
positive reals c， e" there are positive integer n and real d satisfying nd<-c 
and (nd2)日 =s.
Now Theorem 1 is， in line with [21)， Th. 2]， also interpreted in terms 
of "absorbing (syn吋 radial)"by [21)， Lemma 4]. Henceforth， we shall 
proceed from this point of view. 
As a general form of the corresponding version of [21)， Th. 3]， there 
holds the next theorem. 1n this theorem， whenever we take into account 
the topological consideration for quotient space， we let it be equipped with 
the quotient topology. 
THEOREM 2. Let E be a linear t，ψological ~μce， M a linear sub学ace
of E， and let A be a system in E such that the image (jJ (A十xo)is positively 
inde少endentin EjM， where (jJ is the canonical mゆ ofE onto EjM. A ne同
(44) 
Tota!ly Ordered Lincar Spac巴 Structuresand Separation Theorem 45 
cessary and sufficient condition that A lies (re，学.， lies semiアositively，lies 
positively) on one side of a closed hy戸中laneH in E with HコM-xois 
that there existsαt. o.l. s. (E/lv!，必)， with IjJ(A+xo)c(E/M， 09t)+， such that 
(i) holds (何学.， (i) plus (叫んolds，(i)ρlus (ii) holds)， where 
(i) (E/Mラ必)+contains some non-void ψen subset of E/M; 
(i) (E/M， ~)+ is absorbing at someρoint of IjJ(A十品); 
(ii) (E/M， c9e)十 β absorbingat each point of IjJ(A+xo). 
PROOF. We work with the case xoEE is equal to zero. The remains 
are readily verifIed from this by translation. Now， under the postulate 
f(x)=F(x+M) (xEE， x十MεE/M)the following assertions are equivalent: 
1) in E， A lies (resp.， lies semi-positively， lies positively) on one side of 
a closed maximal subspace H=N(f) with HコM;
2) in linear topological quotient space E/M， IjJ(A) lies (resp.， lies semi-
positively， lies positively) on one side of a closed maximal subspace N(F). 
Indeed，γニ FOIjJ"part is clear. Besides， quotient topology for E/M is 
compatible with the linear structure of EjM， and (N(f))' is open in E if 
and only if (N(F))' is open in E/ ]}1. Therefore the above fact is true and 
which achieves the desired end by Theorem 1 via [21)， Lemma 4]. 
REMARK l. In particular， the case where ヂ(A+ xo) is a convex subset 
of E川1not containing the origin (convex subset A of E not meeting M-xo 
is the case) satisfIes the initial hypothesis of Theorem 2. Hence， therewith 
letting IjJ(A十品)be open Cl1 is open is the case since ljJ is open)， a fortiori， 
the Hahn-Banach separation theorem follows. 
REMARK 2. For the separation by a (closed) maximal subspace， we are 
dealing with (cf. [21)， Rem. 1]) the positively independent systems in the 
space instead of the convex subsets not containing the origin. But， moreover， 
in doing with the convex subsets not radial at the origin for the same pur-
pose， we can proceed by use of Theorem 2 (of course， ifpossible， alternatively， 
by taking its non幽emptyradial kernel). 
By the way， we give here a variant of generalized Stiemke theorem. 
COROLLARY. Let E be a 刀o~トtri'vial locally convex学aceand Aαnon-
empty finite system in E. A nec出saJツ ωldsufficient condition that A does 
not lie positively (resjり.， does not lie semi-ρositively， does not lie) on one side 
ofαny closed maximal subs，μce of E is thatψ(A) isρositively d，φendent 
in Ej{O} (何学.， posiがvelyd，φendent therein τ:uith coefficients all not zero， 
ρositi'vely d，φendentαs z・njust beforeωld further the linearゆ仰 ofIjJ(A) 
is Ej{O})，日 hereljJ is the c，ωwnical mゆ ofE onto Ej{O}. 
PROOF. To prove the “only if" part of the五rstassertion， 品目tlet E 
be Hausdorff. Now， let A={ab a2， "'， an} be positively independent， i.e.， the 
convex hull co (A) does not contain the origin. While， as it is usually 
given， co (A) is compact and hence is closed. With this， take a convex 
(45) 
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symmetric open O-neighbourhood U such that U[ηco (A) = 0. Then con-
sidering the subset B = U {U十向 i= 1，2， ・ ，n}，it follows directly that 
co (B) s O. Hence by Theorem 1 via [21)， Lemmas 1 and 4]， a fortiori， A 
lies positively on one side of a closed maximal subspace of E. Now let E 
be non-Hausdor旺 Whereas，Hausdor妊 spaceEj{O} associated with E is at 
least one dimensional and locally convex. Therefore the present assertion 
is valid from the fact above and Theorem 2. The converse is clear since 
{O} cH for any closed maximal subspace H of E. The remains of the 
proof are attained via these by reductio ad absurdum and by use of (further) 
quotient topology of Ej{O} (cf. every五nitedimensional subspace thereof is 
closed). 
Extension theorem. We next deal with the extension theorem of 
Krein-Rutman type. To do this， we take the following. 
DEFINITION 2. Let (E， 5') be a partially ordered linear space. The 
subset {x: 0くx(タ)}of E is called the positive cone of E and is simply 
denoted by C. But， ifnecessary， some of them are given by the form 
(E， 3e)+ as before. 
DEFINITION 3. A partially ordered linear space which is simultaneously 
a linear topological space is called an ordered linear topological space. By 
the way， linear topology for E will be denoted by 8. 
As a corresponding version of [21)， Th. 4 (2)]1， there holds the following. 
This is logically equivalent with [19)， (V， 5.4)， Theorem (Bauer岨Namioka)]
excepting the trivial case when fiεlJ1* is identicall)μzero， and so too is [21)， 
Th. 4 (2)] with Cor. 1 ibid. 
THEOREM 3. Let E be an ordered lineαr t~ρological ゅαce ωith 1うositive
cone C. Let M be a linear subゃaceof E and f a non-identically・zerolinear 
form on M A necessary and sufficient condition that f c.αn be extended 
to a positive continuous linωr form F on E is that there existsαιo.l.s. 
(E， ~) with the following戸ゆe付zes:
(i) A/JCc(E， 3e)+， ωhere Af stands for {xEM: f(x)>O} ; 
(i) (E， 3e)+ contains some OE8 which meets ivf. 
PROOF. (Necessity) Take (E，先1)so that AfUCc(E， 3e1)+ by [21)， Th. 
4 (1) and Lemma 1]. Then (E， F(鳥))turns out to be a t.0.1. s. as required 
by [21)， Lemma 2] in view of the continuity of F. (Su伍ciency)By property 
(i)， (E， 氏)+is absorbing at each point of MnO since 0 is 8・open. Hence 
by [21， Th. 4 (2)]， we get a positive linear form F on E extending f Besides， 
it follows whereby that Oc{xEE: F(x)>O}， and F is continuous. 
SUPPLEMENT TO THEOREM 3. Our condition (i) plus (i) above is， as 
a matter of fact， eqivalent to that AfUCUO (OE8 meets M) holds positive 
i' Here the author， adds the iollowing. In the case of [21， 1'h. 4 (2)]， on hypothesis， 
・'positivenessof f" was over-imposed. Henceforth， this imposition is rescinded. 
(46) 
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linear independence. In view of this， the logical equivalences aforesaid are 
directly ascertained too. Let us work with the former case， and the latter 
is similarly done from this. First， our condition is necessary. To see this， 
letting U be a convex symmetric O-neighbourhood in hypothesis， take rn1 
in lW so that f(rnl -rn) > 0 whenever rnεMn(U-(Cし!{O}). f is positive is 
immediate， and Afし!Cis positively independent. Suppose now that AfUCU 
(U + rn1) were no longer so， then there would exist both五nitemany respec-
tive vectors α，.εAj， c8EC， u， +rnlεU十 rnh and corresponding scalars 民 ~O，
，88~0， 1，>0 with 2'lt = 1， such that p=2'α，ar+ 2'んら+2'I，(Ut十rn1)=0. But 
then， by the aboveラ thisyields f(p) > 0ラ acontradiction. For the converse， 
we may assume with ease that 0εd in hypothesis be convex. Moreover， 
it follows thereby clearly that f(x)~O (xEMn(O+(CU{O}))). Hence by taking 
rn2εMnO， (-0) + rnz serves for a convex 0・neighbourhoodas required since 
f(rn2 -J刈~O whenever rnε1¥;ln( ( -0 + rnz)一(CU{O})).
In this connection， the hypothesis in [19)， (V， 5.4)ラ Corollary2 (Kreirト
Rutman)] explicitly implies that positively independent subset AfUC itself 
contains an OEd which meets M. Hence this cited comes under a special 
case of Theorem 3 except only when fE1'vl* is identically-zeru. 
'¥71 e close this note with focusing attention on an extreme case of 
Theorem 3 (one-sided specializations thereof are also easy). That is， the 
following is a just consequence of [21)， either Th. 2 (semi-strict case) or 
Th. 4 (2)] (resp.， Theorem 1 (semi-positive case) or Theorem 3). 
COROLLARY. Let E be a totally ordered linear t.φological ~ραce ωith 
positive cone C. Then there exists αnon白zeropositive (reslう.， non-zero 1うosz閑
tive continuous) linear forrn on E iff C is absorbing at sorneρoint (向学.，
C cont.αins sorne non-void OEd). 
1n other words， on putting C = (E，必)ト，above positi印刷tureis charac四
terized as C = (E， f(見))十戸rsorne non岨zerofEE* (何学.， non幽zerofεE')， 
叩 heretwo non-zero linear forrns are the case ijf they are positive scalar 
rnultiples each of the other. 
(Receivec1 May 19， 1973) 
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Porosity Effects on Young's Modulus of Graphite 
Akihiko Matsumoto 
Abstract 
A benc¥ing vibration technique was usec¥ to c¥etermine the Young's moc¥ulus anc¥ Q-1 of 
a series of polycrystalline graphite at room temperatures. The structure of matrix materials 
anc¥ pores was examinec¥ by using X司rayc¥i妊ractumetry，phutumicrography， anc¥ electron micro-
scopy. The porosity of graphite was measurec¥ by a pycnometer methoc¥. An appar巴ntlinear 
correlation between the Y oung's moc¥ulus anc¥ the porosity was recugnizec¥. Precise calculations 























EK27長十(沼)k百tax4-十ρ3t2 二 O (1 ) 
びはたわみ， 1<は断面二次半径， ρは密度である。第二項の γEは粘性率に対応する係数で4)，
粘性抵抗は引張りまたは圧縮のひずみ速度に比例するものと考える。この項が減衰項である。
解を y=Y(x) T(t)とおいて (1)式に代入すれば Tの側に減表振動


















? ????? ??? (3 ) 
で，lnは振動儀式による定数，1 は試料の長さである。このときは)の解は
γ= Y(x)e-at cos (イ京工~2- t十ヂ) (4) 
となる。これが観測される減衰振動である。勿論振動の条件 (J}>α2は充されている o 0:2/ω2は
この実験の試料では 10-6程度の小さな値をとるので，観測他イ示ごpー を ωに等しいとおけ
ば，(3)式より直ちに Eを求めることができる。いま角棒の厚さを μ とおけば，
48π214 〆 3
E = -~~τ"zf吋 (5 ) mτ(lー ν
である。 fは共振周波数 1況は両端自由の場合，基本振動で 4.730，倍振動では 7.853，10.996， 
ーの値をもっ定数である。





第一項の移動エネルギ-Kに等しいと考えてよい。 この Kには振幅 Y(x)catの2乗がふく
まれている。 ゆえに Kが極大になる時刻とそれから 1周期 T=加/ω の後の時刻の運動エネル
ギーをそれぞれKi'K包十1とすれば，L1WjWfi， 
L1W K各-Kiト1 e-2al_e-2a(t+，) " ，(:α¥ 一一一=一一ー ニ ー ご 2ατ:::21一一一i三 2AW Ki e-2al - ~~. - ~\υ/ ( 7) 
となる。ここに Aは対数減衰率である。この実験では aTは 5x10-3程度で一応 αT<S:lとみら












n Yl Y2 YN Yl 
ゆえに Q-lは，
つ~ log n 
'ー
ハ N
Q12log fl 一一πN 
( 9) 
(10) 


























単に気孔の総体積りと試料のみかけの体積 V との比 P(~引をパラメータにする場合も多い。
このような場合には気孔率 Pと材料の性質との相関をしらベた方がより簡単な関係がえられ
るからである。いま試料の真比重を Do，みかけ比重を D とすれば，Pは
(51) 
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L^(nn~\ = "" K}. n ~ ~~ 
行(凹2) 予両面()- s'・
図 3 試料A， 図 4 試料E，
図 5 E気孔(電顕写H X75(0) 
5:3 
(12) 
ここに Oは回折角， ハヱ CllK.α線の波長(1.5418A)， 1ζは1.0の値をもっ定数， 戸は戸(ラジ
アン)を度数であらわした値で、ある。 l凶刻一7の試料でで、は，L，ぞ♂榊凶






とともに COは減少し上記のような値に近づいてゆく。 図 7の黒鉛では 2例が 6.78A，他は
6.75Aであった。 これを Warrenの考え方8)に従って， 網面が規則的な六方品系の積み重な
り方をしている確率すなわち Warrenの Pl値を計算してみると COが 6.75Aの場合 0.72と
なった。
成形の際にたとえば圧縮によって結晶子の c軸が選択的に庄縮方向に配向するとし、う事実
が知られている。 このために製品に呉方性が生ずる。 この異方性を表示するには Bacon9)，
Guentert10)などの方法があるが， ここで、は先に述べた互いに直角な二つの表面にあてた X線
の回折図形の (002)積分強度の比をしらベた。加圧面とその側面との (002)積分強度をそれぞ







た。 俸の中点の上下振幅はたかだか O目1μ， ゆえに棒の各点におけるひずみ振幅の最大値は中
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図-10
(56) 
人造黒鉛の動ャ γグ率に士、fする気孔率効果 57 
定数とみなせる場合には，初めの式は Eに対する最も簡単な 1次式である。実際に図 10の直
線はE，Pの関係を明確に示している。また図-7の点の配置も何らかの直線上にのるようにみ
える。しかし，この 1次式は矛盾をふくむ。んは h<lとはなりえない。またん=1の場合も除







u 1一(A+1)P (13) 
で示される。式の中の Aは定数でE。とともに実験結果から計算で求められる。すなわち，
[~"l ~ [::(;~PJ Z P611fh11 一一一一・ . ，一 -Ei(l-Pi) I 1"-' Ei I 2RiiFR| 一一一一 … ー(1-Pi)2 J l""' 1-P，J (14) 




















































1) 実験に供された試料の動ヤング率は 2-15x1010 dyn/cm2の範囲にあり， この値は黒
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The Influence of Mg addition on the Superplastic 
behaviour of the Zn-Al eutectoid alloy 
Yuichi Tanaka and Katsuya Ikawa 
Abstract 
The infiuence of 0.02 wt% Mg addition on the superplastic properties of the quenched and 
the annealed Zn-Al eutectoid alloys was investigated at 250oC. The main results obtained were 
as follows: 
(1) Addition of 0.02% Mg does not signi五cantlyaffect superplasticity but flow stress increases 
with Mg addition. The longest annealing proc巴ssafter quenching does produce large a1 grain 
boundary. With addition of Mg， much日1grain boundary is appeared by annealing. 
(2) The magnitude of the strain rate sensitivity index m identify origin of superplastic 
behaviour. The五nergrain size material has a lower fiow stress and high m region persists to 
higher strain rate than for the coarser grained mater匂ls. This tendency is enhansed with 
addition of Mg. 
(3) Experimental results support that grain boundary shearing has occurred as a result of 

















絞り 80%程度までしか期待できない。これに対して，超塑性材料で、は数 100%から 2，000%の
異常な伸びとほぼ 100%に近い絞りが得られることが知られている4)-8)。
「超塑性」とし、う請は， 1945年 Bochvarによる Zn一(15-22%)Al 合金で観察さわした異~~t>
に大きな伸びを示す現象を rCBepxrrnaCTUQHOCTbー 超塑性」と呼んだことに始まる。 この合金
系は，その後 Presnyakovによって系統的に研究された。これらの研究結果は， Underwood9) 
によって詳細に解説されている。異常に大きい塑性が得られるという現象それ自体は， 1920年
に Zn-Cu-Al三元共品合金が Alのような普通の結晶性材料とは異なり高温ガラスの挙動に似





ずみ速度三の関数として σ=Ki'1n として表わし実験結果と一致することを示した。ここで Kは
定数で，1nはひずみ速度感受性指数である。現在まで報告されている数多くの研究はBackofen
らの解析法によって議論されている。それらの結果は，詳細に解説されており，超塑性の発生
条件はつぎのように要約される。 (1)結品粒径が微細 (ι<10μ)で，かつ安定であること， (2)十







て Mg，Cu， Niなどが考えられるが21U 本研究では比較的性質の似ている Mgを微量添加した
Zn-Al共析合金の超塑性挙動を詳細に検討する。 なお本実験終了期近くに， 竹岡2)らにより





定変形は， くびれの発生によって不安定変形となる。 実際に荷重 Pのもとで変形する試験片
(60) 



































しt，ニカ2って i':Ui'tr 一一一炉ε e.， 
dσ 
ds ニ U (1 ) Fi冨.1. Cunδider constructiun fur the 





σニ Kεn (2 ) 
したがって，最大荷重に対応する伸びは，








σ = K'sn主哨 (4 ) 
ただし 5はひずみ速度 mはひずみ速度感受性指数 K'は定数である。 Fig.2は，引張試験









? ??， 、 、
n=O 
m=O.3 
Fig. 2. Relation b巴tweenspecimen-shape and work hardening index， Jl and 










σ K'i;'' (5 ) 
(5)式の流動応力 σを荷重 P と断面積 Aで、表わし
1 dL 1 dA 
2. =τ dt = -A --cJt 
とすると










Fig. 3. Dependence of the cross 
sectional shrinkage rate on 
cross section size for d ifer-
ent amounts of strain rate 
senslIlvlty. 
Zn-Al共析合金の超塑性挙動におよぼす Mgの影響 63 




















Fig. 4. The shap巴 anddimension of 
speclmen 
Table 1. Chemical composition of 
specimen (wt%l 
l A1 I Zn [ Mg 
Zn-Al eutectoid alloy I 22.50 I 77.25 I 
0.02% Mg alloy I 22.00 I 77.25 I 0.02 
の一次回溶休 α相 (Alに富む相)と iヨ相 (Znに富む相)に分解し 微細な αJ混合組織とな
る。なお Mg添加l試料では，発熱反応が遅延して担こる。 これは， Cu添加の場合25)と同様で
あった。
結晶粒径の具なる組織をうるため， 2500Cで長時間の焼鈍を行なった。 Hilliardの方法に
よって求めた結品粒径は， Mgを添加しない試験片において， 1時間で 0.7μ，96時間で1.9μ，




















A schematic load-time diagram 
representing a velocity change 
from 'L' to 'u' at time t': 


























HF: 5%， NH03: 5%，日20:90%の液で化学研|メリー紙で0.5-0.8mmの厚さに粗研摩後，
摩して厚さ約0_lmmにしたものである。静止状態でX線回折撮影を行なった。照射条件を，








料の組織を Photo.l(a)および (b)に示す。 (a)は Zn-Al共析合金の光学顕微鏡組織で (b)は
0.02% Mg合金のレプリカ電子顕微鏡組織である。いずれも α相 (Alに富む相)と戸相 (Znに
富む相)が微細に均一に分布している。 しかし 0.02%Mg合金においては，町結晶粒界 (α1は
高温における函心立方晶の閏溶体である)が認められる。 これは，竹岡らの研究においても指
摘されている。これに対し， Zn-Al共析合金の炉冷材は Photo.1 (c)に示すように層状組織を
不している。





Photo. 1. Microstructure of the specimens 
prior to deformation. 
(65) 
(a) Zn-Al eutectoid alloy as equenched 
(X 1200) 
(b) 0.02~も Mg alloy as quenched. carbon 
replica (x 2000) 
( c) Zn-Al eutectoid alloy as furnace 









織を示したものであるが， α1粒内部は α，s相の等制1組織である。 α相が角ばっているが，これ
は他の試料においても共通している。 さらに焼鈍時間の等しし、 (a)と(c)あるいは (b)と(d)を
比較すると Mg添加により結晶粒の成長が抑制されることがわかる。
Photo. 2. X-ray diffraction pattern of speci-
(66) 
mens prior to deformation. 
(a) Zn-Al eutectoid alloy as quenched 
(b) O.02~も Mg alloy as quenched 





mens， quenched from 350oC， and 
annealed at 2500C for: (a) and (c) 
96 hr， and (b) (d) and (e) 408 hr. 
(a)， Ib): Zn-Al eutectoid alloy (X400) 
(c)， (d): 0.02% Mg alloy (X400) 
(e): 0.02% Mg alloy (X 1500) 
67 







Photo. 4. Change in microstructure during tensile testing at 2500C 
(X1500). 
(a) Zn-Al eutectoid alloy Ihead and deformed portions) 
(b) 0.02% Mg alloy 



















Photo. 5. X-ray di任ractionpattern Zn-Al 
eutectoid alloy deformed to 83% 
reduction of area at 250oC. =ー






びの演1)定は， 平行部 (25mm)が均一に伸びると仮定して計算した。 いずれの試験片において
も，伸びが 10%に達する以前に最大荷重に達している。)言状組織の炉冷材は，いずれも高い引
張強度を示すが伸びは小さい。これに反して焼入試料では， Zn-Al共析合金および 0.02%Mg 
合金とも 600~700% もの長大な伸びを示す。 焼鈍によって結晶粒径を増大させるにともない


































Fig. 7. The infiuenc巴 of grain size on 
the strain rate s巴nsitivity-strain
rate behavior of Zn-Al巴utectoid
alloys. 
4 一WithoutMg 
1..釘Ilr門 ::>ro 一四WithMg (0.02 %) 
r' c'obled 
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Fig. 6. In!1uence of the宮rainsize and the Mg 
content on th巴 stress-straincurve of 





Fig. 8. The infiuence of grain size on 
the strain rate sensitivity-strain 















Fig. 9. Dependence of the total elongation on 
the stratin rate sensitivity index， 1ι. 
V. 結果の考察
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Fig. 10. The self-di妊usioncurrents model 
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Fig. 11. The grain size dependence of the丑ow
stress at vanous constant stram rates. 
析合金系の超塑性挙動の主要原因とはなり難し、であろう。






























が移動することで， このような過程が可能となる。本実験結果 (Pohto.4)から， 粒界は丸!朱
を帯びかっ移動していることがわかった。ところで粒界移動を起こすためには，ひずみエネル
ギーを必要とする。 Fig.6に示したように塑性曲線の最初にひずみ硬化が認められた。 した
がって， それが粒界移動の駆動力となっていると考えられる。 すなわち， ひずみ硬化エネル
ギーによって連続的再結品が生ずるわけである。
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Carbon Reduction of Chromite in Argon Flow 
Hiroshi G. Katayama and Akihiko Tanaka 
Abstract 
In the present work， chrome ore from the Soviet Union and pure chromite separated from 
it were reduced with powdered graphite over a temperature range of 10500 to 14000C under 
a flow of argon 
The results may be summarized as follows: 
1) The composition of the chromite used in the present work is non-stoichiometric (Y203/ 
XO = 1.1)， but becomes stoichiometric when it is reduced at temperatur巴sbelow 1050oC. This is 
achieved by the reduction of F巴+++to Fe+十 Athigher temperatures， itmay be considered 
that the chromite is reduced by the following process with increasing temperature: 
Stage 1 
(Mg， Fe)O・(Cr，Al， Fe)203一一一一一一一一→ (Mg，Fe)O・(Cr，Al)203 
10500 ~ 11000C 
Stage 2 Stage :3 
一一一一一一一一→ MgO・(Cr，Al)z03 →恥fgO十MgO・A1203
1 LOOo ~ 12500C 1250oC~ 
2) The reduc1Ion products of the stage 1 are metallic iron and cementite， while the 
chromium-bearing product， (Cr， Fe)7C3， is produced only after beginning of reaction of the 
st日ge2. 
3) The chrome ore containing gangue minerals is reduced more easily than the puri五ed
cbromite 
1.緒言
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の Fe3Cおよび Cr3C2を生成し，また還元生成ガスは COのみであると仮定して求めると， A' 














































量を試みた。すなわち細粉試料0.5gにH2S04(1 +7) 100 mß を加え 90~950C に 3 時間加熱す
ることにより溶解率は一定するので，その漉液について Crおよび Feを定量した。 このほか









元率はほぼ等間隔に上昇し， 13500Cでは 180分後に 100%に到達する。
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図-6 還元温度による Crおよび Feの
溶出率の変化
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(a)， (b)は 12000C，180分の還元試料の組織であり， クロマイ粒の表面に炭化物(白色)が薄い
層状あるいは脈状に生成している。なお (a)はクロマイト粒の断面組織であるが， (b)は表面の
組織であると思われ凹凸の多い構造を示している。 14000Cの還元試料は炭化物が多量生成し，
l a) 1200oC， 180 min還元 ( b) 1200oC， 180 min還元
(c) 1400oC， 30 min還元 ( d) 1400oC， 180 min還元
写真一1 迷元試料 (B)の顕微鏡組織 (X400) 
(81) 
82 片山 博・田中章彦
とくに 180分還元の試料 (d)は比較的厚い炭化物層を形成している。 しかしこの層は多孔質で





































表-2 クロマイト試料のスピネノレ組成 (wt.%) 
竺竺竺一?竺…:一F民叫e2川O向3什IFe附 O叫 恒竺空ω叫 31凶山M拘附gωO山 | 必
6.61 21.06 61.76 5.61 4.96 工
E 2.86 ;j2.0l 















還元率 (1)ならびに Iの状態から Fe304成
1ω 













n(Mg， Fe)O・m(Cr， Al， Felz03 (m/nキ1.1)-一一一一一→(Mg，Fe)O・(Cr，Al， Fe)203 
10500C以下
段階 I 段階 III





なお段階 Iの還元生成物は金属鉄およびセメンタイトであり， (Cr， Fe)7C3はFeO・Cr203成分
が還元しはじめると現われる。また FeO・Cr203は Cr203を遊離することなく両酸化物が同時
に還元される。 段階 IIIの還元反応が大半終了するとスピネル相はほぼ MgO・Cr203一MgO・
A1203系の固溶体となり，これからの Cr203の還元速度は 13000C以下の温度では非常におそ





i玄1-11において A'，B再試料の還元率は 11500C付近においてほぼ一致するが， この温度
より高低いずれ側においても脈石成分を含む A'試料の方が高い還元率を示す。 試料はともに
















1l(Mg， Fe)O・m(Cr， Al， Fe)203 (m/1lキ1.1)一一一一一一→ (Mg，Fe)O・(Cr，Al， Feh03 
10500C以下
段階 I 段階 II
→ (Mg， Fe)O・(Cr，Al)203一一一一一一一→ MgO・(Cr，Al)203 




なお段階 Iは Fe3+→Fe2+の還元反応であり， これによりクロマイトは Y203/XO= 1.0の組成
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Outdoors Insulators Contamination Test under 
Direct Voltage Application 
Koji Honma， Hisashi Nozaki and Kyo Okubo 
Abstract 
To solve the troubles due to insulators contamination on bus design under impressed high 
direct voltage， insulators contamination test was made outdoors 
The results of test is: 
1) Contamination process is accelarated under impressed direct voltage， and much more 
accelarated in the neibourhood of the electric五eldwith another polarity of the 
impressed voltage. 
2) Contamination distribution characteristics on each insulator is various in the same 
insulator string. 
3) Contamination material is accumulated on disc type insulators surface with the ex-
posed hours but not on rod type insulators surface due to rain washing effect. 





























(Oil filled Cutout Breaker)，および誘導
電圧調整器 (lnductionRegvlator)を介
して試験用変圧器 (TestingTransform噌
er)で昇圧する。これを 330mm2 ACSR 
(Alminium Cable Steel Reinforced)に
OCB 
OCB : i出入しγ断器 (7 .2kV， 1ωMVA) 
IR 誘導電圧調整器 (6 .6kV / 0-3 .3kV， 220kVA) 
TT 試験用変圧器 (3.3kV /30kV， 300kVA) 
R(W) :電糊制用保護抵抗器付加)
SR(SR') :整流器 (240kV，lA) 
C(C') :平滑用コンデンサ (0.083.u F， 189kV) 
























がし、し懸架台は 75cm の等辺山 11~}llf~ で縦 5.5m，横 3.6m， I吉iさ3.7m，のべつぐらを純みヲ
これに，もれ電流測定nJの 130mm懸垂がし、しを介して，各種の供試がし、し連を懸架した。

















がし、し連のもれ電流の測定回路は，団-~l に示すように，絶縁がし、しと並列に 10kD(9 kD+ 
900 D+90 D+9 [J十1D)の抵抗分配器を接続し，もれ電流を電圧に換算して計測してし、る。こ
の電圧を 12打点の自動平衡形記録電圧計(以卜〉白記記録電圧計と呼ぶ。)2台を用いて， 1分
























































































































ER: 自記記録屯圧計 (O~10mVDC) 
Ro 分圧器抵抗 (1)( 100MO 
Rl " (2) 100 kO 
R2: " (3) ( 1ωk!l 
R3・" (4) ( 10 0 
R" ケ ブルの抵抗( 3.ぽ1
RER: E Rの内部抵J1((2 MO 
VB ・測定電圧
i主
β句、一-， r 250 : 250mm!闘がいし (1畑/達、
は乎け→121ω:280m叫騨がいし ( 8個/連)
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| 負謀電上而I~七炉キ4=-::ð正n悶上面。L ____L__l ム____1 一一
123456 →課電側
がいし番"


































































直::::iJ 1'! r;~~ '，_[，' 
E亙TI28 札需がL、し j日深屯
























仁三工コ L~()n lTnノ、唱 ノグ， ，_ 
Eヨグ
卜 1;~l:!II:; カ"しのひだの(:r泣 (ピン[町)
図-12 ディスク形がし、し子下面のひだの1{Lfr':と
等価塩分付着密度の関係
250mmスモッグがし、しでは， ヒダ否:号 1からヒ夕、、番号3までは， 等価li塩分付着密度は順次増




同じ種類で， かつ， [司じ暴露課電監をもつがし、し連であっても， がし、し懸架台の懸吊位置
の違いによって，等価塩分付着量に変化が見られることが推測できる。 この間の関係を調べる
ために， 同極性電位課電で， かつ， 同じ暴露課電肢を持つ250mm懸垂がし、し連と 280mm懸
垂がいし連の 2種類で， 各がし、し連とも正極課電， および負主張課電のfH十4組について，等価
塩分付着量との関係を前述の 3-2節の方法に従って検討した。 この供試がいし連の課電時間
はすべて 4310時間である。
この検定の結果，有意水準 5~らでは， 250 mm懸垂がいし連，および 280mm懸垂がし、し連
とも， がし、し上国において等価塩分付着量に差はなかったが， がし、し下面においては， 負極課











F(t) = AeBt+C 
F(め=AeBt 
F(t) = A 
















がいしの種数 |極性 1---=-:--_-. -I-.----._c._----， ー←一一一
諸O懸去がいし
長幹がいし
li BeBt十C AeBt At十B
|十 2912.8 捌 4 31側
- 5669.4 39陪2.7 3952.8 
+ I 山 1202.3 1213.9 
十|
1047.7 1056.9 1055.4 














































































































































































































































































































































いし各 1速で，がし、し速の接地端から数えて 3番目， 5番目および7番目のがし、しから採取し
た試料を，それぞれ上面分と下面分に分けて，その中に含まれる Na，Ca， Mgおよび Kにつ
いて測定した。
結果を取りまとめて表 4に示す。なお参考のために，がし、し面の付着物質を洗燃すると






















































1) 課電々圧極性が異なっても， Na， Ca， Mgおよび Kの組成率に大差はない。
2) がし、し上面の主成分は Caであり，がし、し上面の Na，Ca， MgおよびK量の 70%以
上を占めている0
3) がし、し下面の主成分は Naであり，がし、し下面の Na，Ca， Mgおよび K量の 70%以
上を占めている。
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がししの位置 i TE ¥ ぷいしの位辰
2 I 8 1 2 1 8 I 2 1- 8 1 2 I 8 ¥1~ ¥1 2 : 8 I 2 I 8 1 2 1 8 1 2 I 8 
C 。。。。。。。。 Cr 。 。。。
F 。 Fe 。 。。。。。
Na 。 。。。。。。 Ni 。
Mg 。。。。。。 Cu 。。 。。。。。
Al 。 。 。。。。 Zn 。。。 。。。。
Si 。 。 。。。。 As 。。
S 。。。。。。。。 Ba 。 o I 0 i 0 
Cl 。 。 。。。。 Pb 。。 。。 。
K 。。。。。 Mn 
Ca 。。。。。。。。
6) がし、し下面の Na量を NaCl量に換算すると，汚損測定法による等価塩分付着量と大
旨一致する。このときの差異は20%以内である。
































効果の関係は，雨量 0.5mm/hで雨洗効呆は 60%程度であり，雨量が 0.5mm/h 増す毎に雨洗























暴露地点 (mg/cm2) (mg/cm2) 
南川越変電所 0.004 0.014 841) 
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がいし ))礼、し 上面 (寝室) 下回 全国 (間) 課電記号 の稜類 平均 平均 平均 時間
A1 250寸 1.39 0.20 18.84 1.48 20.2:~ 1.37 2948.0 1.58 0.18 19.88 3.92 21.47 4.00 
A2 250十 2.44 0.25 22.88 5.18 25.32 5.28 1207.4 2.96 0.43 24.44 4.45 27.40 4.38 
S 十 4.65 0.76 38.36 :>.45 4:3.01 :~.87 3266.7 :3.81 0.69 34.24 10.51 38.05 10.86 
C 280斗 :3.21 0.79 42.91 5.:36 46.12 5.49 4310.5 3.51 0.75 32.75 6.21 36.26 6.43 
Dl L ート 27.25 28.39 27.82 2948.0 25.99 45.59 35.79 
D2 L + 55.83 74.6:-¥ 65.23 1207.4 65.57 90.27 77.92 
E1 280斗 1.68 0.15 31.6" 4.57 ，3.:.n 4.65 2404.7 2.14 0.26 :~2.35 4.76 34.49 4.90 
E2 280 + 1.53 0.10 27.53 2.26 29.07 2.22 478.4 1.77 0.22 28.82 3.46 30.59 :3.41 
E3 280十 3.16 1.05 27.08 3.31 :-30.24 3.95 1207.4 4.38 0.76 30.95 4.32 35.34 4.95 
F 250十 2.64 0.47 18.59 3.02 21.23 :-1.31 4310.5 2.59 0.37 21.04 2.26 23.63 2.16 
C1 250十 0.99 0.07 10.80 1.20 11.79 1.20 2015.4 0.81 0.11 10.09 0.97 10.91 0.95 
G2 250← 2.12 0.65 21.09 3.53 23.20 4.05 2040.1 2.90 0.53 23.84 2.48 26.74 2.10 
H1 S 十 1.37 0.23 26.90 1.81 28.27 1.75 2270.7 1.42 0.25 23司4" 2.73 24.84 2.68 
H2 S 十 :3.96 0.83 32.21 1.95 :16.17 1.28 1905.8 3.69 0.57 26.53 2.91 30.22 2.60 
I (分析の為に使用) 4310.5 
J 250十 2.40 0.61 23.26 4.12 25.66 3.9::3 4310.5 3.31 1.04 25.73 3.01 29.04 3.85 
K1 L + 43.68 67.36 55.52 2270.7 :39.88 50.39 4.5.14 
K2 L -ト 49.07 70.46 59.77 
1905.8 46.61 74.95 60.78 
L 280十 3.64 0.51 32.80 5.18 36.44 5.47 4310.5 4.04 0.40 36.18 4..12 40.22 3.95 
M1 250 ト 1.29 0.43 6.55 1.24 7.84 1.48 829.6 0.87 0.08 6.01 0.70 6.88 0.69 
M2 250 + 2.53 0.46 22.22 4.32 24.75 4.13 3266.7 2.58 0.44 19.14 2.15 21.72 2.03 
AO 280 0 ;-).43 1.12 :-12.32 3.82 35.75 4.72 25J. days 
B10 280 0 1.64 0.17 19.68 3.01 21.32 3.03 57 days 






Adsorption Behaviors of Oxygen and Carbon Dioxide on Silver 
Akimi Ayame， Yoshimasa Ito， Hisao Kano 
and Takatsugu Kanazuka 
Abstract 
Adsorption behaviors of oxygen and carbon clioxide on a silver catalyst in the oxidation of 
巴thylenewere studied by a pulse technique. 
Oxygen was aclsorbed reversibly ancl irreversibly on the catalyst町
The irreversibly adsorbecl oxygen was familiar with the formation of carbon dioxide and 
waler， ancl the existence of the reversibly aclsorb巴clone promoted the formation of ethylen巴
oxicle. As， beyoncl 220oC， the amount of aclsorbecl oxygens is small ancl the oxiclation of ethylene 
proceeds with higher conversions， the surface of silver catalyst during this reaction seems to 
be nearly the deoxygenated one. 
Carbon clioxicle was aclsorbed， only on th巴 oxygenatedcatalyst reversibly ancl irreversibly. 
The irreversibly adsorbed carbon dioxide seems to be remained on silver catalyst with the 
forming of silver carbonate as one of the catalyst-poison. The reversibly adsorbed one is 





















































既報2)の方法で調整した Ag2010.0 g を 30~60 メッシュのケイ砂 250 gに付着させ18)乾
燥後， 60oC， 30時間水素還元した。カラム充填後， 3000Cで再度水素還元(後述)した。 BET
表面積は 0.03m2/g以下であった。吸着酸素の反応性測定の場合は Ag20を60oC，30時間水素




素パルスを注入した時のグロマトグラムを図 1に示した。ピーク aとN2の保持時間比は 0.998
~1.003 で一致し， ピー ク a，bが共に酸素であることは MolecularSieve 5 Aカラムで確認し
た。これらの結果から aは非吸着酸素， bは可逆吸着酸素，流出しない残南酸素を不可逆吸着
73'C 140'C 242'C 
o.:非吸着問主華;
b:可逆l吸着目女素

















。 10 20 30 40 46 74 80 
パルスi主人回数
図2 ピーク aの高さとパノレス回数 (0.077 me/匝1)
(109) 
110 菖?簡明己・伊東良将・加納久雄・金塚高次





から増加しはじめ， 2800Cでは 1パルスの 95%以上がこの吸着挙動を示した。 Bentonら19)に
































¥ vg / 
(C: 定数) ( 1 ) 
ここで μ口 (tR 品)/t'3c， t'3c:吸着媒に対し親和力のない気体の保持時間(窒素)， tR:保持





表 1 保持時間の測定結果(酸素) 表 2 保持時間の測定結果(二酸化炭素)
Temp. t年 tR Temp t~ tR 
(OC) (mm) (mm) (OC) (mm) (mm) 
182 93.3 123.3 39 116.5 217.9 
202 88.5 112.9 74 118.0 174.8 
223 93.6 113.6 101 112.4 152.0 
240 90.8 110.9 142 110.0 143.4 
260 92.7 111.2 183 108.8 139.7 
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-3，5 
1.8 20 22 2升2.6 2.8 3ρ ヨ2
(l/T) XIO' 
図 4 !oglO (μ/T) vs l/T 
可逆吸着酸素と窒素の保持時間の測定結果(表 1)を用いて， log川μfT)vs 1fTのプロッ
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140 18コ 220 笈ヨコ 忍工〕
d!?L 度 ('C)
図7 不可逆吸着酸素とエチレンの反応
治o 240 笈ヨコ 忍xl
7品皮 ('C)

















1) 菖蒲明己・伊東良将・金塚高次・加納久雄: 室蘭工大研報， 7， 767 (1972). 
2) 菖蒲明己・加納久雄: 日化， 1819 (1972). 
3) 菖蒲明己・鈴木祥史・加納久雄: 日化， 1792 (1973). 
4) 菖蒲明己・渋谷吉昭・吉田 忠、・加納久雄. 日化， 2063 (1973). 
5) 加納久雄・鈴木祥史・菖清明巳: 室蘭工大所報， 7， 713 (1972) 
6) 菖蒲明己・吉田 忠・加納久雄: 触媒， 14， 1 P (1972). 
7) 菖蒲明己・沼辺明博・l京納淑郎・井本立也・加納久雄・ 触媒， 14， 201 P (1972) 
8) 菖清明己・沼辺明博・渡辺機三・加納久雄: 日化， 2071 (1973);日化第 27年会特別討論会予稿， 377 
(1972). 
9) A. Ayame， A. Numabe， T. Kanazuka， H. Kano: Bull. Japan. Petrol. Inst.， 15， 142 (1973);日
化第 26年会予稿 1，1 (1972). 
10) G. H. Twigg: Trans. Faraday. Soc.， 42， 284 (1946). 
11) W. W. Smeltzer: Can. J. Chem.， 34， 1046 (1956). 
12) Y. L. Sandler， D. D. Durigon: J. Phys. Chem.， 69， 4201 (1965) 
13) 安盛岩雄・田積陵義・笹本 忠: 触媒， 10， 174 P (1968) 
14) 佐藤教男・瀬尾真浩: 電気化学， 38， 649 (1970). 
15) K. Tamaru: Bull. Chem. Soc. Japan， 31， 666 (1958); Trans. Faraday Soc.， 55. 824 (1959). 
16) J. A. Allen， P. H. Scaife: Aust. J. Chem.， 19， 715 (1966). 
17) 林 弘・乾智行・新宮春男: 日化第22年会 (1969)，06315. 
18) 加納久雄・菖蒲明巳: 室蘭工大研報， 4， 871 (1964). 
19) A. F. Benton， L. C. Drake: J. Amer. Chem. Soc.， 56， 255 (1934) 
20) 鹿)1修一・徳永栄之・清山哲郎: 工化， 71， 775 (1968). 





Flow Patterns of Liquid in the Horizontal Stirred Vessel 
Koji Ando， Toshiaki Muramori and Ikuro Oikawa 
Abstract 
The flow patterns of agitated liquid in the horizontal stirred vessel without ba節目 were
measured by the photographic method. 
It is found that the discharged-flow from the impeller circulates in the each vessel devided 














射位置によって， a)， b)， c)として表示する。 トレーサー粒子は， 0.8-1.0 mm併に粉砕，簡分
けした比重1.16のナフタリン粒を用い，槽内液に食塩を加えて，トレーサー粒子とほぼ比重を
等しくした。粒子混入割合は，撹持液uに対して， 0.25-0.3 gである。カメラのレンズ絞りは
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安藤公二・村守俊昭・及川郁朗














































横型!携fft智内液のフローパタ γ 117 
写真 1 断面 (a) N=削 τp.m. ε=0.75 
写真 2 附i市 (b) N=80r.p.m. 8ニ0.75




附田 (a) Nニ100r.p.m. ε= (].25 断面白)Nニ 100r.p.m.ξ=0.25 
写真一6 写真 7 
断而 (c) Nニ 100r.p.m. ε=0.25 断而 (b) N = 100 r.p.m. ε=0.5 
0.25の場合であり，循環流 (2)がよく現われている。すなわち，断面 (a)を示す写真一4に於い
ては，槽端耐の流れが，また断面 (b)を示す写真 5に於いては，紙面ーに垂直の流れが且われて
いる。 εが 0.5より小さい場合は，循環流 (2)のモデ、ルでほぼ近似出来る。
III.2 その他の流れ
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Studies on the Method of Continuous Operation 




Experiments were conducted on the pressure drop of the gas丑owingthrough the vessel， 
which was related to the stability of continuous丑owof gas ancl liquidヲ anclto the amount of 
entrainment in the exit gas， over wide range of the volumetric ratio of liquid in the vessel. 
Results obtained were as follows: 
By setting baftles in the vessel， the pressure drop was lowered markedly and it is proved 
that this equipment can be operated continuously in practical use. Also， some information on 






















L/Dt = 2.0 
D;/ Dt = 0.9 
D，/ Di = 0.5 
DzI Di = 0.55 
Wb/ Di = 0.25 
Wi/ Di = 0.2 




























実験装置のフローシートを図←1 に示した。横型捜持機本件~(l およびj資枠羽根 b はさきに，
四分槽の実験に著者らが用いた幾何学的相似槽←6)，8)のうち，一番大型のものとほぼ同 A 寸法
である。その形状， 寸法の詳細を図-2に示した。通気時の槽内ガス圧力損失を，ガスの入口











































































uq. _ j_ J~~ーキ 1 x lO -2~1 (図-5参照)
Ug l/d2 
t土手=と(訓2キ 0.5x104 










(5 ) c7)ニ 0.56
h半=0.56. ~ (判2土 0.3X 104 
ρua 乙 ¥UG ) 
(6 ) 
式(3)，(6)より
.P.l与=主1ユ主+217JL土 0.5X 104十0.3X 104 二 0.8x104 







pUら - pD~uG (8 ) 
(32) (180 x 10-6 poise) (18.4 x 2 cm) _: 1:" ，- 1 f¥-? 
二与 5 X 10-2 (l.29 X 10-3 g/cm) (18.4 cm)2 (10 cm/sec) (9う
P2-2 ガス入口管および出口管内の摩擦損失:(2-2) 
;sL流としてRe(dugρ/μ)キ13000
P2-z9c _ 2fL (Ug ¥2 7扇一一一亙一五A
?? ??
(2) (0.005) (4十5.5cm) 一 一・(102)宇 0.05x104 (l.8 cm) (9') 
上記計算の (1)管路断耐積のこの値は，1:ßJ -4 より P9c/ρ u~キ 0.9x104が得られる。一方，
す急激な変化による圧力損失の計算結果をノ-1'す (7) 式 Pl 9c/PU~ニ 0.8x104の値とほぼ等しい。




同図より明ρ9c/ρμちと Nt，との関係として図-6に示した。ド数 NtT(=n2 Dj9)に変換して，
n=O， 2.5 r.p.sに対応するフノレード数，N品 =0，0.1以外の測定値についても，らかなごとく，
異なる液量率について，P9c/ P9c/P Uるは UGに無関係に N討のみの関数として現われている。
£カミN貯の増加とともに Jりや/ρ品の増大する程度は，ρ U~ と Nþ， との関係を図一7 に示した。
増大するにしたがし、急激に大きくなっている。 lvT'r=Oに対応するたて軸の値，すなわち恨め/
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って，出口ガス中の液同伴量を少なくし， 1うれ/ρ u~ を小さくすることを試みた。
111.1-2 PYc/ρu~ におよぼす邪魔板効果
取り付けた邪魔板の概要を図-8 に示した。 ξエ 0.4について，邪魔板条件における ρ9c/PU~
とNJi¥・の関係を[文1-9に示した。 区i中破線は，邪魔
板のない場合に対応している。図より明らかなごと

















'" 与一 Wh 
Dt =18.4 
L / Dt= 2.0 
D; / Dt= 0.9 
Wp/ Dt= 0.1 
Wc/ Dt=0.05 
Wh/ Dtニ 0.03
Wi / Dt = 0.2 
Wc/Dt=0.05 
Wh/Dt =0.03 
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N F'[-) 
図 10 pgc!puると N.Fかとの関係におよぼす εの影響(邪魔絞条件)











ントである。 N~F'， が大きく， かつ液量率が大きくなると， 槽内液中の気泡が出口液に同伴さ
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Studies on the volatiles of holohyaline rocks 
from the Hokkaido 
1. Weight 10ss on heating 
Hiroshi Shirahata 
Abstract 
九アolcanicglasses， consisting of obsidian， perlite and pitchstone， from Hokkaido， Japan have 
b同 nr巴searchedwith thermogravimetric analyses 日nc1techniques of h巴atingat constant tem司
perature. 
The volatiles of periite anc1 pitcI1stone have rapic11y been driven off by heating at tempera-
tures below 5000 or 600oC.， but even if above the figure the volatile remains only a few tenths of 
a per cent， but is held with much greater tenacity. The volatile of obsic1ian has gradually heen 
lost by heating until high temperature， except that it breaks into expulsion by heating at about 
4000C. anc1 7000 -800oC. The volatiles in perlite and pitchstone from Hokkaido are in a different 
state of combination. One is easily released on heating at low temperature， and the other is 
barely released on heating at high temperature. 
It is inferred that major portion of the low-temperature volatiles are HzO content which 
exists as free water and hydrogen-bonded water; that on the oth己rhand， the high-temperature 
volatiles of perlitic glasses anc1 the volatiles of obsidian are largely pristine wat巴r，which exists 


































100 2∞ヨJO 4∞ 500 600 7ω8α) 
一一一一一一→ Temp. (oC) 
図-1 黒隠岩の T，G.A曲線
Ob 1: 1常呂郡置戸町墓地の沢 Ob 3: 奥尻島勝澗山




町産黒曜岩においては 3000- 4000C， 5500 - 6000Cに明瞭な急曲部が認められる。これに対し赤




め，鈴木9)も川崎，屋代の黒躍岩において 4000C附近， 8000 - 9000Cで急激に揮発性成分の逸
散が生ずるとしている。北海道の黒曜岩は赤井川産黒躍岩に見られる様に温度の上昇に伴い減
(132) 
北海道産破潟質岩co揮発性成分に関する研究 (1) 133 
量は漸増するが， 4000C附近， 7000 - 8000C或いは 8000C以上で揮発性成分の逸散がやや急激
に行なわれるものの様で神津や鈴木の結果に類似する。
真珠岩及び松脂岩: 真珠岩は紋別郡白滝白道の沢， 紋別郡鴻ノ舞，紋別郡上紋別，亀田
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図 2 真珠岩並びに松脂岩の T.G.A曲線
紋別郡上紋別林道 fPt 1: 紋別郡白滝村旧白滝























ついて 2000Cより 1000C間隔で 1，0000C迄各温度互に恒量値に達する迄加熱測定した(表 1)。
図-3-5は黒曜岩， 真珠岩及び松脂岩の減量一時間曲線を夫々 1例ずつ図示したものである。
黒躍岩の減量傾向は2種とも低温度程恒量に達する時間は長時間を要し， 赤井川産では




200 0.28 294 3.31 318 2.53 
300 0.30 354.5 0.47 194 4目24 250 I 3.68 174 3.11 
400 0.34 303.5 0.56 152 4.59 130 4.10 124 3.14 
500 0.40 190 0.64 124 4.51 95 4.39 116 3.17 
600 0.54 184 0.78 102 4.69 77 4.45 69 3.30 
700 0.85 70 4.72 48 3.38 
800 0.62 90 0.88 54 4.75 42 3.38 
900 0.70 113 0.90 48 4.77 38 I 4.55 42 3.38 
1，000 0.92 48 I 4.79 I 38 I 4.56 42 3.38 
黒 躍 岩 珠 恒ι'" 1r 珠 岩 松 目旨
白滝白道の沢 赤井川土木の沢 亀 尾 鴻 ノ 事寄ー 清
???
(134) 















日) lα) 150 200 260 300 
一一一一一一→ Hc，lting ti l1l c~ (hr) 
隠-3 加熱減量一時間曲線(黒曜岩赤井川，土木の沢)
9ll(_)T，1以泊三(

















l凹 150 2別 目。 300 
一一一一一一一一:;. Hcating tll山~ (hr) 
図 5 加熱減量一時間曲線(松脂岩，清里)
温度においては3時間で恒量となるのに対し 5000Cでは70時聞を必要とし， 2000Cでは293時
聞を要する。叉鴻ノ舞産真珠岩でも 5000Cで5時間， 8000C 以上は3時間であるが， 4000Cで
は47時間， 2000Cにおいては280時間必要とした。松脂岩も真珠岩と同様の傾向を示し 4000C
以上では6時間以内で恒量に達するが， 3000Cでは 120時間， 2000Cにおいては 310時間を要
し，白滝の真珠岩もこれらの破璃と同じ傾向である。
一方恒量に達した時の各加熱温度に対する減量値を温度に対しプロットすれば図 6-7に
表わされる様に黒曜岩は温度に対し漸移的減量を示す。然し 5000- 600oC， 800 -9000Cにやや
急激な減量があり T.G曲線の傾向とほぼ合致する。然るに真珠岩， 松脂岩は低温度より急激
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攻璃中の揮発性成分は Shepherdl3)により黒曜岩について測定され， 88.4-98.6 vol %が
H20である事を明かにした。又岩崎ら14)は本邦の火山岩を加熱した時放出される揮発性成分と




考えてよいが，特に4000-5000C迄に放出される low-temperaturevolatilesは微量の A，N2， 
や若干の COzを除けば HzOであろう 15)。
火山改璃中の水の賦存状態は真珠岩波璃中で H20分子としての存在16)や， Si04水素結合
した H20分子の存在17)，18)が認められ，又浜町1)は真珠岩や松脂岩の水分の多くが付着水の形

































3. 真珠岩，松脂岩中の low-temperaturevolatilesは主として H20分子，水素結合した
HzO 分子よりなり叉方~I水に依る OH の形成など攻璃中に種々な存在状態が考えられ， これが
加熱温度により攻璃に残存するガス量が異なる理由なのかも知れない。
4. 一方真珠岩や松脂岩中の high-temperaturevolatilesや県曜岩中の揮発性成分の多く
はマグマより直接もたらされた pristine vola tileso)， 12)であると考えられ，水は OH基として存
在するのであろう。 H20以外にハロゲンガス特に Cl，F等も比較的多いと考えられるがこの
Cl ， F も火山攻璃の加熱B~5脹に重要な役割をはたす様で、ある。(昭和 48 iド4月 14日受理)
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Studies on the volatiles of holohyaline rocks 
from the Hokkaido 
2. Evoluation of chlorine on h巴atmg
Hiroshi Shiraha ta 
Abstract 
Foregoing experiments of the escape of volatiles from glassy rocks have been presented 
some interesting relationships. The present paper continues these studies， and presents the 
results of the examinations concerning total chlorine in the glassy rocks ancl the chlorine 
escapecl on heating. 
The chlorine helcl in the glassy rocks from the Hokkaido has been exp巴lledby heating 
above 6000C. Not only obsidian， perlite and pitchstone contain in general higher total chlorine 
content than rhyolitic rocks， but also fairly large amounts of chlorine are rapiclly evolved at 
temperature above 7000 or 800oC. Especially， the obsidian has showecl high chlorine content and 
high Ch，ooc. evo1ved/total Cl value. On the contrary， th巴 rhyoliteis low in total chlorine 
content ancl in Ch，ooυc. evolvcd/total Cl value. 
1t may be consiclerecl that the cli旺erenceof thermal expansion between volcanic glass巴s，
especially obsidian， ancl rhyolitic rocks is a妊ectedby the total chlorine content， the ratio of 
chlorine content evolvecl at high temperature to total chlorine content and the trencl of evolution 
on heating. 
1.はじめに





























(-250 mesh)し，予め 1，0000~ 1，100oC， 2 I時間加熱して塩素等を追い出し，デシケータに保存




を装入し， 室温時と加熱時 (l，OOOOC)の場合夫々 2時間空気のみを通過吸収させ空試験を行っ
たがし、ずれの場合でも空試験値はゼロであった。叉本比色法では Cl が全く含まれず、とも若干
の着色があり， さらに KOH溶液えの微量の塩素の混入の恐れ等を考慮し，測定の都度 KOH
溶液の空試験値を求め補正した。











る6000C より 1，0000C迄を 1000C間隔で測定した。叉全塩素も i;:rj一試料を用いた。
実験結果は表 1に示したが，いずれも 2-3回の平均値である。
表-1 北海道産破璃質岩の加熱放出塩素及び全塩素 (%) 
T iobsidm| 阿 l山 Ipitchstone rhyolitic rock 
emp. 一一一一一一一 | 一 一一一 l 一一一一 一一一←一一一一一
1 2 3 4 5 6 7 8 9 10 11 (OC) .L "-' ~) <-;1: 'L) U U ~J 





0.010 0.0165 0.0046 0.0045 I 0.0020 0.0015 ' 0.0047 0.0009 IβO双) 0.0017 0.00014 
0.024 0.036 0.013 0.019 I 0.0023 0収 oi 0.019 0.00附 I0.0048 0.0050 0.00017 
0.042 0.056 0.033 0.038 I 0.0098 0.021 I 0.047 0.0013 I 0刈 180.022 0.00045 
0.052 0.089 0.043 0.075 I 0.022 0.025 I 0.078 0.0013 I 0.0027 0.042 0.0029 
total Cl l O100 OW O蹴 O凶 iO白5 0.074 0山 0.0060I 0.013 0.078 0山
1，OOQOCCJ I nc..) (¥{i(I (¥'7A nc.:1 I f{¥，1{i n0A 山、 iI 0位。ω0.74 0.61 I [0.40 0.34 0.64 0.22 I 0.21 0.54 0.28 total Cl ..~- •.•• •.. - _._-ー“!
1 : 紋別郡白滝八号の沢 5・ 紋別郡鴻ノ舞元山坑附近 9: 紋別郡生田原町清里
2: 余市郡赤井川土木の沢 6: 紋別郡と紋別林道 5.7km 10・ 奥尻島勝澗山
3 : 常呂郡置戸町墓地のiJZ 7: 紋別郡生田原町清里 11: 紋別郡鴻ノ舞元弘1坑附近
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Ob2: 1 赤井川 Pr6: 1 上紋別
Ob3: 1 置戸町 Pt 7: .松脂岩生回原
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Fundamental Studies on the Most Pro五tableDistribution Ratio 
of Chord Members on the Reversed Lohse Bridge of 
Three-Span Continuous Girder Type (Part 2) 
An Experimental Study on the Photoelastic Modelsー
Sakutaro Nakamura and Masao Shimura 
Abstract 
The present writers made three epoxy resin models of the reversed Lohse bridge of three司
span continuous girder type by the different distribution ratios of upper and lower chord 
members， and performed the photoelastic experiments by means of Photo-Elasticity Apparatus 
and Reading Microscope in order to五ndtheir stress phenomena. 
On the loading support of Photo-Elasticity Apparatus they laid one by one three models， 
and then they put a concentrated line load on the span centre of the upper chord member of 
each model， and took the photoelastic photographs of stripepatterns by using a source of 
mercurial light 
They decreased suitably a concentrated line load， and plotted the inclined lines at intervals 
of 10 degrees on a tracing paper stretched upon a screen by using a source of white light. 
Next， by using Reading Microscope they measured the vertical displacement on the centre 
axis of the lower chord member at the centre of span. 
Then， they analyzed experimentally the stress distribution of m巴mbers1:y:x， σhσy on the 
base of the above-mentioned isoclinics and stress patterns by using the stress analytical formulae 
of the shear difference method. 
They carefully compared these experimental results with the theoretical values calculated by 
applying a digital computer (FOCOM-231)， and clari五官dthe tendency of stress distribution and 
maximum deflection of models. 
Lastly， they pursued closely the most profitable distribution ratio of these chord members 
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図-1 模型寸法 (単位:mm) 
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種 別 l上弦材 l下弦材|端柱|垂直材
liuuiI; 
III.実験方法2)
模型 1，I， IIIの3個を l個ずつ，理研製標準
型光弾性実験装置3)の荷重支持台に載せ，集中線荷

























であり，幽-5 は模型~ 1， I， IIのやJれにも同一大さの集中線荷重 Pニ 5kgを載荷した場合の解
析に用いた等色線縞写真で、ある。
図 3 模型Iの等色線縞写真 図 4 模型IIllの等色線縞写真
(150) 




また，図 6，7，8は模型1，U， IIIの何れにも同一大さの集中線荷重 P=O.5kgを載荷した
場合の解析に使用した投傾線図で、ある。
r=o.s-~} 
















A. 中央径間格点モーメソト Mtt• M'1.t 
ML = tk(mk.i-hkHi)+M.oM8.i十品川+lM~，+1 .i
Mti = (l-tk) (mk.i-hkH.)十時.oM8.汁 b%.叶1M~+1.i
ここに， bto = tk(n+1-k)/(n+1)-2ak.10i/(l~+l~+1) 
bt叶 1= tkk/(n+1)-2ak.nO(/(l~+l~+1) 
b%.o = (1一九)(n+1-k)/(n+ 1)十2ak.10(/(l"'+[k+1)
b'Z.n十1= (1一九)k/(n十1)+2ak.n O;/([k+ lk+1) 










B. 支点B，Cの支点モーメントM8.t.M~+1 .t 
M8.. = {-C1(Co.汁 NB.i)+C2(Cn+1，t+Ne.i)}!降C~)












H = Hf+ l1H(M8，各 +M~，+l，i) (4 ) 
E. せん断力 V"，i
上弦材 V~ ， c = (M~+1，i-Mし)/え






中間支柱 Zk，i= VL-V止トl，i+rJk，i 
端支柱 Zl，i= vt;-V3，i十ρ








上述(1)-(6)式において， l:左側径間の支問， l2:中央径間の交問， l3:右側径聞の支間，
). :格間長，(n十1):格間数 0":中央径聞の h格点における上弦材の長さ Ok 中央径間上
弦材の換算長=Ok(Ic!I9c)， Uk:中央径間のん格点における下弦材の長さ Ui，: rl'~ 央径間下弦
材の換算長=Uk(lc/1Xl， F~: 中央径聞の k 格点における上弦材の断面積， F1: 中央径間のん
格点、における下弦材の断面積， n:同上の上弦材の慣性モーメント， I;:向上の下弦材の慣性
モーメント ， l~.=Ok十 U k ， Ic:標準↑貫性モーメントラ[， :側径間の慣性モーメント，九十(U;，
+UIc十1)/(lIc十lk十1)，1-tk子 (Ok+Ok+l)/(l~+lk +Z)， mek:ん格点における単純桁としての曲げモー
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H.たわみ
1. d = J Li1 (Mj EI) ds十J]¥'(Nj EA) d寸Q(QjGA)ds I 
ここに， M，N，Q: 実際荷重による部材の曲げモーメント，軸力，せん断力} (8 ) 
」百，A"，Q: 単位荷重 P=lが載った場合の部材の曲げ、モーメント， I 
軸力，せん断力 J 
2. 実験応力解式4)，5)





め，せん断応力差積分法による応力解析の原理に従って τ拘 σy，Ga:， などの解式を誘導すれば，
次式の通りとなる。
ryx = (σl一σ2)sin 2{}j2 
σジニ (σy)o-L: L1ryx 
山 =σu一 (σl一ぴ2)COS 2{} 
ここに， σ1一円: 主応力差=(Sjd) n (kgjmm2) 



























図 11 中央径間の第 3t名問中失点における
上弦材の断面応力度分布
(156) 


























(注) 各模型とも P=5.0kgの場合(模型 1I土省略)
図 17 中央径間の第2j各間左端における
上弦材の断面応力度分布













































種 'i)IJ 水平(k反カg) 
模 型 工 5.626 
模 型 旺 6.803 
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On a Three Dimensional Stress Analysis of an 
Annular Cylindrical Body Subjected by 
Non#axisymmetrical Loading 
Sumio G. Nomachi and Kenichi G. Matsuoka 
Abstract 
The three oimensional stres problem written in the cylindrical co田ordinatesystem is 
solved using the五日iteFourier-Hankel transform method. The boundary conditions are so 
given as to produce anti-symmetrical stress distribution with respect to a diameter. The 
detail discussion is focusecl on the case when a thick ho11ow cylincler is subjectecl by a 
partially clistribut巴clloacl acting in the radial direction with the numerical results目
1. Introduction 
Though the recent progress of the electric digital computer makes it 
possible for us to handle the three dimensional stress problems by means 
of“Finite Element Method" or“Finite Di旺erenceMethod"， etc.， many prob-
lems stil remain untouched in the field of the three dimensional elasticity. 
It is because that the convergency of F. E. M. seems to be uncertain， 
and the capacity of the computer stil is not large enough for the thorough 
treatment of the three dimensional stress state. The analytical solutions so 
far presented， seems to be confined to the case of infinite， semi旬infinite
elastic body and the thick plate. 
In this paper， the nonaxial stress problem of a hollow cylinder is dealt 
with， by means of the Finite Fourier帽Hankeltransform. Speci五cally，the 
paper considers the case when the thich hollow cylinder is subjected by 
bending. 
2. The Fundamental Differential Eguation 
Let σ門 σ。andσz be the normal stresses in the r，θand z directions， 
and 7:，'0， 7:Oz and 7: z，司 bethe corresponding shearing stresses respectivery， the 
equilibrium of forces are expressed by 
。1 1 。 a a 一一一+一 。。r r T 
li+ raO az 。 。。 a 2 L o l:卜( 1 ) raO 一一一一一ー「一一一。z r・。 。 a a 1τ的。 。 一一一 一一+az raB or' r 
(161) 
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Denoting the components of displacement in the r， ()and z directions 
by u， v and w， the Hook's law is written as follows 
!?127 1 2μ+A i 
au 
A 1 ar 
1 U OV 
















? ? ? ? ?
，??? ? ?
o 
az 会[:l ( 3 ) 
0 
az 。 ar 
where μ， A are the Lame's elastic constants. 
3. Finite Fourier-Hankel Transformation 
and Their Inversion Formulas 
a) Fourier Transforms 
If f(x) satisfies Dirichlet's conditions in the interval (0， a)and if its 
五niteFourier transforms in that range are de白ledto be 
8n[f(x)] = ~:f(x) sinケヱdx，
Cn[f(x)] = ~:f(x) ω手 xdx ，
where n = 1， 2，・1
then at any point of (0， a)at which the function f(x) is continuous 
f(x) =与2札If(x)I sinとら，
U- n=l I_ .J U-
f同=! {主ι[f(判]cos~ト→仲寸
b) Hankel Transforms 
If f(x) satis五回 Dirichlet's conditions in the interval (a， b)and if its 
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then at any point of (a， b)at which the function f(x) is continuous 
[6 L'i_¥ __-vJ__， 2 ∞ r L'I _JH'+1(CiX) 
f(判=b2'ヲ 2;.xli寸/(z)fdz十F51Hu十lf(x)1~ττ ， 
∞ rrrJH，ν(乙x)
f(判=FZIHνIf(x)I一夜ーヲ
[6 _C/ ~.\ ~~v ]~~ 2 ∞ r r/ J H，ν1 (Ci x) 
f(x) = b2'=a2' • X，-l ~/(x) x'dx十子 ~1H，-llf(x)1 ~~v-ê~:.~J ， 
where 
Hj(CiX) = Jj(CiX) Y，(Cia)-J，(cia) Yj(CiX)， 
J=ν-1，).1 ν十1，
θ:i = {H，叶 1吋2_(すJ{HV+l叫2
and Ci is a root of transcendental equation 
H，(Cib) = O. 
4. Solution by Means of Finite 
F ourier-Hankel Transf orm 
A method of solution was presented before， wew il 
focus the discussion on the case when the hollow cylinder 
is of antiaxial stresss tate. The hollow cylinder of which 
inner radius， outer radius and depth are denoted by 
b( =al)，α(=向)and c， respectively. Multiplying Eq. (1) by 




and integrating by parts， with the aid of Eqs. (2) and (3)， we have the 
Fourier transformations with respect to θas follows; 
Lo Kb U v dAo = f:[ K2，U， + X. 0' 1，J:ゐ
+ f]K3V呪附x.0'2，]:昨 ( 4 ) 
where 
r G.[u] 1 r Gv[ι] 1 r G，[τz，'] 1 
旬ν口 18. [ v] 1 ， 61， = 1凪[τro]1， 62ν = 18，ν[7'0，] 1， 
LGν[即]J l (工[Tzr]J L Gv[az] J 
(163) 
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。x
K，ν=I(μ+A)ν雨戸-2ν(2μ十A)子
え。 (a~ ì-ur~-( ~ì ! r ();¥1司王)-μf古ご口}瓦。2X
(μ十A)a;ゐ瓦
/、()( ()X ¥ (0 X ()X () ¥ 
(2日 )r万戸町ーペり十反古) (川)ν雨戸+2l!ワ
μ{r ;r ( ;~)- ~: iz}-伽 A)ヰ
(. oX X o ¥ 
一νlA忌Z十fl-子百z-) 
印+え)姿


























Introducing A，rn Bげ 2 as 
[どlzl;JIl:;:li
and substituting then into Eq. (4)， we find that 
jk九州0=¥'"IK:川+X.o;，J:dz十(bf1i削除X， o~ldr (5) 
A" JOI la J"I I 
The 1st and 2nd rows of X;， u:and 0:are replaced by the addition and 
subtraction with the 1st and 2nd rows of I:ιMνand (Jν， respectively. 
Then substituting sin Nz.H，叶 1(';i 1うforX in the 1st row of Eq. (5)， 
sin Nz. H'_l (';i 1うforX in the 2nd row， and cos Nz.H，(';ir) for X in the 
3rd row， we finally have the equations for the Fourier-Hankel transforms 
of A凶引 B，rz and w， as follows ; 
(164) 
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[{(β一3
一ベ(μ附+吋』川)ぽf読: (約但3μ+叫I司柑)~か:μμ十什2与Fμ凶川lN炉吋2づ} (pμ + 川 N ¥H，ν-18，[仇B丸ι引凹川l.11'Z]川l 
一(，μ1+ 川 N (pμ +吋」川N {いμ5詑:い州十刊(ロ2ρ+吋A刊 2づ}J[1珂fνr仰νκ(ι札引:ら叫I[ル刷μM印刈]J 
Sn[A，rz]寸可 b 
r r 1 Sn[B，rz] 
-1' r 1G，Cn[w] 














『? ? ? ?
? ???、???? ?
改Sn[-rO]JJ，寸
十lベ了 OHI，叶1[A"oz] 1 -2μN 0 1H'-I[B，rz] 1 -pξ乞 1JL H， G， [az] J .J日。 ( 6 ) 
where 
N= !_~π c ' 71=1，2，0 
Solving Eq. (6) simultaneously， the inversion formulas lead to the com剛
pornents of displacement in the following forms: 
1 2 ∞ I 1 リ∞
1( =士エエ'1'01 二::-.l~o.Ð品キミエ ~r:，札 .1九γ 弘
" kコ1ν=0 Lしし η~1
"" 00 ・
十言51{みl'E.よ/co1"'1十みz-Efι.'1'rZ} J ( 7 ) 
where 




















































r L'a 1 Iー τ-zf(叶 l)f伏 )(z) 
I .LJvik I I l/ u.-
Eふ=1 E~ik 1， J，O = I 2!.!aZ'b2ν I ~~，2k l' ~ ，U 1一語了て2;r-(叶 1)j'<k)(Z) 













。 。 g:k) (r) 
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長討い{PI凶附即m'G;昨;k)(門幻川叩)刊(仰Nr)一一__l!_丘丘一一止一t'"-.J， ¥"''} 2(2μ+Aめ).L _L' U ¥..l" I J  
tJ;t == I示{f.1G;k)問一弐訳五MF，(k)(Nr)} f.1~PG;k)(州
μ+A 1 、
-2μ(2μ+ A)N F，(k) (Nr) 。
市γ引 L刊{幻叫J詰宏別;r引)刊(州一品山f付)}乎引(一川
} 古γ!_{い同勾刻叫;21)附一詰 M町附……R貯貯川山k刈明叩)叩叩Nrル州川外.うオ)}片)同日乎引L可斗い(ドいhμ2幻刻幻州山χ民必貯州;立少引川?P引附)刊明(凹Nr)+ι凶古M肌川即F，(貯即(伏川k的)(州刈

















r E.~z.-E.~z. l r 1 r 1 
El，ι=1 叫ん…|ラ 山 =IC，札[σ，.]1ィ svnk = 1玖削T，.O]J 
A，nk = 1札 [A，rz]: I ，B凶，k=1 札 [B，rz]-~I _， D'nk = I c.ν札 [w]I L "L "-'rJ，.o.ak' .，， L "L ""rJr~ 干 I ' . L 'L. 
E，~~ =H，中山)z~o ::tA"，z)ー]， r，i~ =町[σz}~=o土叶，仇
and 
2z (k1/ ¥ (ab)' f( r ¥' (akー1¥'1 f円Z)= 1， JC引Z)士 1-~:， g;k)(r) = 下「つz;-~(←-)-(一一)} o-'-a--l¥ ak-l / ¥ r / J 
)ι H，(乙r) ト 1_ = (p. _ ¥ R;~J(Nr) 
G;k) (Nr) =子手子王宮lf-(-1)αA品川=頁知町
0. ....2lJ 1 1... ¥ 1.1十I
X;~) (Nr) = 7Jて二五(一げ 1 詰~\うけ
2.， N H，+l(~i め R;")1.， (Nr) 子手 N2+~~ 竺京土二L(_ly-l向Hν十1(54GK)2Rfi(恥) ， 
(166) 
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χJf)阿=完与(-1)A1t(云)
2" N H，-1 (f;i r)( 1 ¥k-1 _ TT (p. _ ¥ R~:L(Nr) 子手 N2+ f;~ 一夜7( 訂正 1a"H'+1(仇)=R烈;町'
PG~")(ル')=七九十 χふ
4 '" N2f;i H，ν(f;i r)
F，(k) (Nr) =青写而ヰ萄τ一夜ア(-1)止a"H.叶 1(f;iak)
=一τ 竺 τIR~~J(Nak)j rR~:L(州-a1c-1 R~~J+l (Nd {Rν川(N(り)}2L..L¥.._))，)) ¥..L"iUk}l/.l.'¥.v-l'lI¥..LYI! LLJ l L¥.._U， v ¥.1. "il J 
-R~~J(Nr){akR;:L-1(恥)-a"ー 1R~~J+1叫]， 
4 .--， Nf;~ H叶 1(f;iめ出)(Nr) =7)2手市可子一窃;一一(_1)"-1 ak H'+1 (f;i a，) 
=1頁品云W[R~~J州{rR~~J附-ak-1Rm → 1(Nr)} 
-R出 +1(N:め(ば)1 1仇) 山一1R;~J+1(Nak)}]， 
Nf;~ H，-1(f;ir) 立l(Nr)=b2手R可否7-377-(-1)KGKR+1ほん)
=色τIR;~J (Nak)j rR;~J (Nr)-a止 1R;:L-1(Nr)1{R;~J (Na，)}2 LH ."， ¥-'"-Ll l' -'-"， ¥-'VI '-k.-'-，-1，  ¥J. VI I J 
-RJ2-l(Nf)(41)1 叶1州-ak-1R;~J-1(Nak)}]， 
PFF(Nh;{ω，p + w，s} ， iVIF，(k) (N:市~ {ωνpー ω，s}， 
RW(Nr) = Ii(Nr) Kj(Nalc_1)一(-1)山 Ij(Na正 1)Ki(Nr)，α0=α. 
f1.1 1¥kl 1¥".1 N 1¥'- coshf;i(C-Z)土coshf;iZ Q(k)(い)勺一軒+(一げ(一川RqsmM=-1可否了一，
P(1'l(か)=生I;i 1+ ( -1 Y ( -1 )n( Ti¥竺L-ll.-j-¥-l.r¥ lIf (N2+ f;~y sm 
_ CiZ sinh 乙(C-Z)土ら(C-Z)sinh f;iZ -
cosh f;iC土1
ψ) (か)=河川一1)"(吋市cosNz
+J1+(-1)勺 sinh乙(C-Z)午sinhf;iZ 一-Ci C cosh f;i C土1
r， • 1 ，".1 "J N2ci ψ(kl(f;iZ)= : I;j1+(-1)"(-1)nh'i;-;一一r'¥-'-I¥ -'-IJ(N2+読y
&Z cosh f;i(C-Z)平乙(C-Z) cosh f;iZ =r)(54Z)-
cosh 54C芋1一一一一一一
(167) 
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D凶山 E'ik in Eq. (7) can be determined so as to satisfy， the boundary 
conditions. The stresses wiU be found by substituting Eq. (7) into Eqs. (2) 
and (3). 
5. Numerical Example 
When the thick hollow cylinder， with the supports at the points z=O 
and z=c， issubjected by the load with the variation of cosf}， which locally 
distributes over the central part of the span. The boundary conditions are 
expressed by 
( i )σ.=0， u=v=O， for z口 0，z=c， 
w hich yields r凶 =E~i=E~i=O.
(i) σ戸 7:rO=τzr=O，for rニコ'a，
from which α叫 =s，n2 = O. 




10 c/2-co>z， c/2+co<z， 
from which 
Qo7r nπ 


















Ub; elementary beam theory 
し一 一一-o O. 1 O. 2 0.4 0.8 
a/b 
Fig.4. 
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一一ー threedimensional analysis 
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Fig. 3 shows how the radial dis-
placement at the middle plane of the 
cylinder varys， and the五gurealso has 
the variation of deflection calculated by 
the elementary beam theory. The var-
iations of the ratio between the outside 
and inside displacements u， for z=c/2 
and (J = 0， and the deflection of beam， 
are shown in Figs. 4 and 5. 
The distributions of σz and σ円 for
z=c/2 and (J=O， are shown in Fig. 6. 
Figs. 7 and 8 show the variation of the 
ratio betweed the outside σ幻 forz=c/2 and (J=O， and the maximum五ber
stress due to the beam theory. 
The distributions of the shearing stress for r=O are shown in Fig. 9. 
The value of !"On for z = 0， (J=π/2 and r=a， isshown in Figs. 10 and 11， 
as the multiple with the maximum shearing stress due to elementary theory. 
We五ndthat the result， for c/2b = 1， quite di旺erfrom that of the ele-
mentary theory. And in the particular case when b/α= 1.25， the results 
also fairy differs from that obtained by the beam theory， except for the 
deflection. It shoud be noted that the shearing stress always takes larger 
values than that of the elementary theory， because of the stres concentration 
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一一一←ー り2b
Fig. 11. 
6. Final Remark 
By making use of the finite Fourier同Hankeltransform， the antiaxial 
symmetrical stress state concerning the thick hollow cylinder of finite length 
is expressed by the function involving the boundary values in it， so that we 
can easily handle the boundary conditions. The series of the function has 
good convergency. Hence， we may say that the method quite fit solving 
such the problem as this; we need not use the similtaneous equations by 
large array and not to take a long run of digital computer. The solution 
can widels apply to the other boundary conditions. 
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On the stress analysis of the plates with 
multi"crosswise ribs (Part 1) 
Sumio G. Nomachi*， Kenichi G. Ma叫ts叩uokaピ2埼*ド芝
and To郎shi坊yukiOhshi吋ma*オ*ド*料討*ド
Abstract 
Bending and horizontal deformation of a ribbed plate which is built up with many 
thin rectangular plates as shown in Fig. 1， isconsidered here 
Making use of Displacement-Shear-Equations concerning folded plate theory， we can 
express the equilibrium of shearing forces at the joint line where three or four component 
strips meet with one another， by simultaneous五nitedi任er巴nceequations with respect to 
五vecomponents of displacement， and an analytical method for solving those五nitedifference 
equations by means of五nitefourier transforms based on五niteintegration， isdiscussed. 
As numerical examples， the presenting paper deals with the simply supported ribbed 
plates subjected to lateral and horizontal loacls. 
1. lntroduction 
The structure on which we are going to study， is a plate sti旺enedin 
two mutually perpendicular directions by a system of longitudinal and trans-
verse ribs connected with it. 
'J(¥J， ¥r>?) γ(1.<.¥1'") 
iC(w-) 
χ， 'a:conti nuous numb色/1.
x，y: discr邑te numbel. 
Fig. 1. Tw口融wayribbed Plate 
* Departm巴ntof Civil Engineering， Hokkaido University. 
料 Departmentof Civil Engineering， Muroran Institute of Technology 
料* Department of Development Engineerings， Kitami Institute of Technology. 
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Let us call it the “Two-way ribbed plate." The structure of this kind 
has a good design e伍ciency，and is used for the steel plate deck construc-
tion of the bridge structure and a partial reinforcement of main girder， at 
which the sti妊eningcable is anchored1)，2l. 
Besides then， itcan be seen in composite construction bridges， well 
suited for short and medium range spans， the concrete deck participates in 
the stresses of the main girder to which it is bonded. 
Since the two-way ribbed plate is widely used， its stress behaviour has 
been extensively investigated by many engineers and reseachers. 
The reseaches so far made， can roughly be grouped in three categories. 
The fi.rst one stands on the base emphasizing the nature of the grid work， 
and the plate is replaced by the grid of perpendicularly intersecting T幽beams，
which are composed by ribs and platets. 
In such modelling， the shearing resistance of the plane stress in the 
plate， which is supposed to have fairly effect for some cases， isneglected. 
H. Homberg3l and F. Leonhart4l did much in this area. 
The second one is the bending theory of the orthotropic plate. It is 
natural that the two-way ribbed plate should be modeled by an orthogonal 
anisotropic plate， which is de五nedas a plate which has di旺erentelastic 
properties in two mutually perpendicular directions， in the plane of plate. 
In this case， the characteristics of the ribs which have discrete properties， 
may be averaged and the ribbed plate is replaced by a model of continuous 
media. M. T. Huber， S. P. Timoshenko and W. Cornelius are known as 
outstanding reseachers in this五eld.
The third theory is something like the theory of “Schubfeld Theorie" 
by H. Ebner6l who established it on the assumption that the plate might 
bear only the plane shear， and it is widely used for the design of the thin 
walled frame work structure. Our discussion will stand from the idea of 
the third category. 
In the bridge structure， the two-way ribbed plate is often adapted as 
the web plate or the flange plate， and the thickness of the plate is not so 
thin that we can not neglect the normal stress in the plate any more. 
Taking the effect of normal stress and of shearing stress in the plate 
into account， we use“Displacement and Shear Equation" of the folded plate 
theory. Considering this three plates of strip meet at a nodal line with 
one another， around its nodal line we have an equation of equilibrium of 
shear in which the displacements and their derivertives are included. 
Integrating the equation successively， we can get the relations between 
nodal displacements and nodal forces. Thus the fundemental五nitedifference 
equations for the stress problem of the two幽wayribbed plate is established， 
and for solving the五nitedi旺erenceequations，“Finite Integration Transform" 
is used. 
(172) 
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2. Basic formulas and symbolic notations 
1) Displacement-Shear-Equations 
The shearing forces are expressed with the displacements and the normal 




Fig. 2. Folded plate element 
九(判=子(2uA+均)+÷(LARA)
T BA(X) =さ(2uB+UA) +士(SB1-SAH)
( 1 ) 








ドt(ψ4十九)=手(UAー いJ(34B-EEA) (3 ) 
2) Finite Fourier Integration Transforms and their inverse formulars8) 
向 Letω introducethe syη'lbolic notatio汎
島[f叶12f同mZZ
Ci[f(x)] =ぎf同∞sZヱ
which are coupled with 
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i = 0，1， ・ n， x= 0，1， ••• n. 
b) Related formulas 
F or convenience sake， let us di五nethe second difference and the modi伍ed
di妊erenceas follows， 
JJ2f(x) = f(x+ 1)-2・f(x)十f(x-1)
tlf(x) = f(x+ 1)-f(x-1) 
Applying the above formulas to the sine and cosine transforms， we have 
島叫咋[ドJJ2f州γ
夙叫咋[トドオザ削的f冗(何x)]ト=一 2'sin 与Ri[f斗




Di = 2( 1-cos主)
3. Analysis of two.way ribbed plate 
The four sides of the ribbed plate are parallel to the coordinate axis 
x and y， whose positive directions are given by the arrowhead， as shown 
in Fig. 1. 
And the three components of displacements in x， y and z directions 
are denoted by u， v and 'U人
And also let the letter T be the shear flow and the letter S， the normal 
forces per unit length. 
1) Equilibrium of shearing forces at the nodal line in the x direction 
The three shearing forces and the outside surface traction along the 
nodal line parallel to the x axis on which the deck plate is intersected by 
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TY.Y+l(X) + TY.Y-l(X)+ T~(x) =ρ(x) 
which together with Eqs. (1)， (2) and (3) yields 
i凡凡]2 凡凡 N3+ 6V~ I ~'Üy十6UY+l 十 6ÜY-1+ 6V~ u} 
(_ Gt (コす ¥ Gt -1217す )uy+ ;2~ (UY+l + UY-l)ー トす叫
Gt 
一三一(ψY十1一向ー 1)+GtOxWy =ρ(x) (11) 
where 
λG与EtA2・Nox士子Etoxh枇，
EquilibriulU of shearing forces in the y-direction 2) 
Similarly in the y direction， 
[凡』ι}2'Vx+~y れ1?Nメー ~'ijV.-L- 1+ ぜjX -1 + --z;"--t'x 3 ' 6 I ~ 
ん Gt ， GtO?J ¥ Gt Gt GtO'iJ. 







Boundary conditions of the rib plate in the x and y directions 
Nfl' Nfl にto.




No" No.. ~ Gι 
TZu=-34bZ+l与〉x-Gth/UJx+II笠 (Vx-Vx)Oy 
(14) 
Equilibrium of shearing forces at the node x， y in the z direction 4) 
(15) 
(16) 
Look at the rib element， from Eq. (3) we have at once 
Gtoxhorwx.y = Gtox(Ux.Y-U~y)+(SXY-S~y) 
Gtoyh仰WXY= GtOY(VXY-VXY)十(SXy-SXy)
in which S(x)= iS(x).dx， and it is supp 吋 to be a shea切伺倒訂r叫 fおor附C白elns凶 i快de  
of the rib， so we can write it as 
(17) S(x) = OX.X+l一(PX.x十l-PX.X+l)
(175) 
where 
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住(¥r)
← '¥.0 xι(1) 
吋7匂了一一→
zC)Cめ町)
Fig. 3. Geometry of two-way ribbed System 
ぜ7x，X斗 1= resultant shearing force acting on the boundary 
PX.x十1=j:IP(z)dz
Integrating Eqs. (15) and (16) by x and y， on the assumption that u 
and v respectively may be linear with respect to x and y， we五ndthat 
G仇的立=G九{u日 X十l.Y-陣内E十ぽ廿
+yCX.X十1・ん一(yPx.X+ll~' -yP'!x:.x斗13') (18) 
G仇M仇"þιM川O~L1x'I:叩叫U内X一G仇んmイい(
+yCX.X-1'寸」んl一(yPx.x-d日3'一yP'!x:.x-l目昨山;b約1ウ) (但19町) 
G仇九い川山yhんん九。旬U山 X汀 y=G白仇叫ん~叶0句Uイ{v肘 Uむ叫いX口山一Y叫刊+1-一陥叫叫山叫イ2心)} 
+xCブY.y叫刊十刊1..1ん2一 (xPy.y科+1品|はid~一 xPy.y科刊?刊1比昨削;会約2ウ) (ロ20叫) 
トA
GtOllhOyL1yWXY-l = G叫VXy十 VX.Y-l一 (V~.Y-l+吟 y)げ
+ XCY.Y-l ・ ..12 一 (xPY.Y-d~'-xP~.Y-1132) (21) 
The equilibrium of shearing forces around the cylindrical section cen-
tering the node x，γ， yields the equation oncerning G as follows: 
yCX.X-1-vCx.x十l十xCV.y-.l-xCY.Y+1 = PXY (22) 
in which al of C can be eliminated by Eqs. (18)， (19)， (20) and (21)， and 
we come to the expression 
(176) 





By applying the procedures described in Appendix to Eqs. (11)， (12)， (13) 
and (14)， we can transform them into the equations as follows 
(An +2A叫 L1iuxy十 A12 L1:rL1~Uxy+A13L1主uh
+(Bll +2B叫 Uxy十 B12 L1~UXY十 B13μb
+ C12t1xLlyvxy十C13t1xWXY= P1 
A41L1iuh十A42L1}Uxy+B41 uh+ B42Uxy-C41t1xWXY = P2 
一(A31L1iωxy+A32 L1~Wxy) + C31(tJxUyy-tlxU~YT) 
十C32(tJyVXy-t1yv'in)= P3 
A51 L1~V~y + A52 L1~v xy + B51 vh + B52 Vxy -C51 tly'U人rY= 1~4 
(A21十2A2)L1}vxy+ A22L1YrL1}Vxy十A23L1}vh
+ (B21十2Bz)vxy+ B2L1}Vxy十B23V"xy
+ C2tJXtJyUXY + C23tJyWXY = P5 














Nox . GtOxA1 
6A1 ' 6hox 
Noy ， GtO?!A2 
622 '1 6hov 
(177) 
1 (Noグ ，GtOyA2¥
6 ¥ A2 ' 1{Ol ) 














































which are the fundermental di旺erenceequations for this case. Using for-
mulas (6)， (7)， (8) and (9)， we can perform五nitefourier integration transform 
to these equations. 
When we take the condition that the deflections and the stress com-
ponents are zero along the four edges， the boundary values in the equations 
vanish， and they become 
一(An+ 2A12) Dm・R叫 Si[Uxy]十A1ZD前 D乞 lt制 Si[UXy] 
-AI3D怖 R制 Si[uh] +(Bn + 2B1Z) RmSi[UXY] 
-B1ZDiR制民[Uxy]+BI3R制民[uh]
mπ 
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ηzπI __ _，. _. _， r ， ¥ 





-(AZ1 +2Azz) D乞8拙 Ri[VXY]+ AzZDiD刑 J証明島[V.y] 




-4CZ2・Sln一五 sin '~.- Rm8j [Uxy] + 2C23 sin i:_ 8mBi [Wyy] = P5 (33) 
which can be written in 
K.U=P (34) 
where 
Kロ Ia1 alZ α13 正l14 α15 U= J~，nSi [Uxy] P=/Pl 
α'21 a2 a23 a24 a25 R明 Bi[U~y] Pz 
a31 α3Z α3 α34 a35 8明島[Wxy] P3 
a41 a4Z a43 a4 a45 札 Ri[vxy] P4 
a51 α52 a53 α54 a5 仇 Ri[吟y] P5 
(~政z ， Etoxhox G九引1-cosmπ) α11=-2 一一』一1一十 3A1 6hox ) ¥ ~ v~0 n 
十~(乎十乎)(1一∞sケ)(1-cos引-生ι-2?(1-cosZ)
GtoxAl 1 (Etoxhox ， GtoxAl ¥ (， mπ¥ 
一一一 一一一一I -r-~，--II .l-COS--I 
hox 3 ¥ A1 hox )γ n ) 
一 mπ 《




























_ Z:π . 
Gぉ =GtOY sin T' a41 =α42 = 0， a43 = a34 
(179) 
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α 一 立弘主主_')(E包品ι一立h主i(l-cos i;ri 叫一一 hov ベ 322 6九八よ LU" k ) 
Gtov2 1 ( Etoyh仰 ，GtOy22 ¥人命¥一一一--一一一一一一1一一一-一一二一十←ー-一一 1.1 -cos -，-1 ん。v 3 ¥え2 hov )γ ん/
a51 = a15 ， a52 = a25 ， a53 =αぉ， a54 = a45 
向内(~以1 . Et，山 Gω~i( 1-∞tπ 一 一一一一十一一一一←一一一←一一-"-lll-cos-，-1
5ー ペ λ2 322 6hov八 osん/
+ : ( E!21_+ G.o.z V 1_ (~()S mπ¥(τ 州 Gω2qGti2/1-s mπ} 百円7 十~)\.l一COSn")\l 一C0527j-1i7-勺了いーω n)




{( 以引) M ) 1ー す Nx+ず rSi[UXY]
jν( 1 Di ¥ Nx . Nox 1 にt仏ox2ん1(n ct r '7. 1 I c'i r ~ _2: ，  
=叩(札l1い一τj片〕τ7一十つすzt出~;f汁i凶&削附仙[μ比伽Llxムω互ど凶山んu附μ町X汀y]十 二〕ど三i百瓦Ox司:"¥ロ2秩削仰[μμ伶ωb叶仙]什+哨夙削帥仰山[1，い悌比μ吟略恥l~らELL吋+日吋+.IY]げl
一-G2ω仇」ん1(求先J一る&J丹刈a叫州)(2 島削仰[い凶u
Jん7r( _ . _.. _ ¥ 文口ι( . . _.. . _¥ -2
v 
sin云同[VX+.1Y]-Ri [Vx.y]) 十 u~~ox ~8i[Wx+ .lY]一則的 y]) (36) 
守2仁川~y] -怒設?ツ刊川8瓜札州明」品九n[伽 h]い+念ιf叫t刈S札削勾叫J品るべ[
+ な子刊(←2仇削附[Vxy]町町叶山X汀d山Y寸計]い+叫s瓜杭札削帥ヲ勿制'm[均J点bべ.vヤVx口叫…ιYれ山4十叶+1]一2 札削川[い川U
(.. . _ ¥入7一三弓?2苧也(8，μ何N札削抽m[伊ωX…Y叫山刈止+刊+1] 一-8札削帥冊'm[~伊Mτ印U汀司])一寸ずv 札叫州[伊ψ九如ωX汀y] 同
-ず)Ny+~y}S，n[Vxy] {( 1 乃 .q
jν(， D =寸i札(いト1ト一一1否fiど;7ム+ 五?汁i札削[μd山 l十τ瓦応7討¥2札削[比凶U均叫b]十札削[V~吟2bいいY叫刊+l]) ι」吋1句りj 
一4ω仇2(J先z一示示J夕丹刈D仏叫州叫Jぷ)(2，8，川s札削哨m[VいUむ匂叶山Z汀y]計い十仇削帥iヤ[Vx.Y町知b山X口叫…刊+l]壮1
(T> r 1 n r 1 ¥， 3Gt，旬 ("'1 f___ 1 cf f____ ，¥ 一τ sin "~' l同B昆昆払引7η叫1n[凡[uι，
(38) 
(180) 
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4. Numerical examples 
In order to illustrate the numerical results obtained by the method 



































Fig. 5. a~ and at Diagraw (E=348ωkgjcm2， v=O) 
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The computation was carried on by F ACOM 230-60 in HOKKAIDO 
university which is an electric digital computor with 80 K core memories. 
CPU time occupied in a cycle of stress calculation and its output was only 
20 seconds for each cases. 
a) Simply supported two-way ribbed plate subjected to a lateral 
concentrated load at the center of plate 
E=34800 kgJcm2，ν=0.0， t=0.3 cm，九=toy=0.5cm， A1=ib=10 cm， hox 
=hoy=6 cm， n=8， k=6， P=1 kg. 
b) Simply supported two-way ribbed plate subjected to surface 
tractions parallel to xy plane 
E=34800 kgJcm2，ν=0.0， t=0.3 cm， to"，= tOY =0.5 cm，え1=A2= 10 cm， h加
=hoy=6 cm，η=8， k=6， P"，= 1 kgJcm. 
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The solutions of the ribbed plate we have discussed here is analytical 
method of solving the五nitedi妊erenceequations. The actual system can be 
reduced to the discrete model starting with the Displacement-shear equation 
of a folded plate element. Thus obtained equation is easily solved by means 
of“Finite Integration Transformぺ
(183) 
184 Sumio G. Nomachi， Kenichi G. Matsuoka and Toshiyuki Ohshimr 
The numerical results will be checked by the experimental one. And 
the method used in this discussion will be extended to analysis of sandwitch 
ribbed plate， trussed plate and as such. 
The stiffness matrix for the prescribed numerical computation may be 
said up to 5 x n x k one when we follow the way of usua:l folded plated 
theory， whereas the method mentioned above needs only 5 x 5 matrix. 
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Appendix 
To五ndthe discrete relation of the di旺erentialequation， a method of 
the successive integration by S. G. Nomachi will be introduced. 
Suppose the interval of two adjacent point be small enough to assume 
that a part of linear variation takes a most important one in that reign 
and the higher order term is neglected in comparison with it. 
To make further discussion simple， let us begin with the equation; 
Kuy+ G1Uy+ G2Wy = P(x) (39) 
We take as approximate values of external surface tractions distribute along 
the line of intersection in the x direction as 
P(x)口九(1-~)十九1(す) (40) 
The Eq. (39) is rewritten in 
(184) 
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取汁G1Uxy(1-~ )+G1UX+'IY(す)
+G山一九Y(1-{-)一九lY(す)= 0 (41) 
Integrating it with respect to x， and regulating the integral constant as 
to satisfy the condition for X=O， and taking that the value on the left side 
of a certain point should be equal to the one on the right side of it， into 
account， we have 
( X2 ¥ _ ( X2 
KUy+Gμ Ix一 )+G1UX+，IY( ~-1 ) ¥ -2A
1 
) -t-Lrl UX+， ¥ 2え~)-t-Lr2Wy
九y(x一長)九十lY(長)=仰Xy+G2WXY (42) 
And substituting 
川)=町中-f)+叫 +1.Y(~ ) (43) 
into Eq. (42)， and integrating again from x=O to x=ん wefi.nd that 
Ai ぇiK(ux十1Y-uxE)+G11IUxy+G117h1y+G2??(却 XY+即日y)
一(Pイ十九+1yi)=仰汀+G2Wyy)A1 (44) 
Putting A1 for x in (42)， and multiplying it byん wehave 
Ai ， ， Ai
(Kux+1.Y十G2WX+1川 +G2' (Uxy+UX+l，y)一言(PX.1十九十1.Y)
= (KUxy+G2切 XY)A1 (45) 





+iPXIY+与Pxy= (Kux川 2初日)A1 (47) 
Then subtracting Eq. (47) from Eq. (44)， the pequired di妊erenceequation is 
obtained as follows. 
Ai A2 _. ，，，，2-. ，A1" A _.. Ai 
K43ux.y+G11543uxy十G1Aiuxy十15G24zwxyz否 il5，Pxy+AiPxy (48) 





On a Method of Solving the De自ectionTheory for Suspension 
Bridges by Means of Finite Integration Transforms 
Sumio G. Nomachi， Kenichi G. Matsuoka 
and Kenji Kohari 
Abstract 
In this paper， the d近erenceequations are derived from the equilibrium of vertical forces 
about each tie disregarding its elongation， and the suspension bridges with stiffenning truss is 
analitically solved by means of“Finite Integration Transforms" 
A numerical results， which shows that the method can handle the bridge of a great number 


















ワテZ← 1 ;_ 
f(x) = ラ z.:sも[f(x)]sin一千z
u も=71 Iι 
り n A_ 
f(x) = ~ z.: Ri [f(x)] cos .:~ -x 
n 1=1 n 
ただし R払削o[印刷f刀(x刈1ト=士封{Co引町ω[f(山j点〔は附Z
R品則乞dげ[f(点x刈)]= Ci [f(x)] +す(-1)ソ(n)十七(0)
札 [ f(z) ] = t引(ι引 [f(仰刷点向はωZ司x)]十÷ 川
f(いZ叶+t封)ニtX841f(叶す)]sin与(x十去)+士山叫f(ェ+~)] 
f(z+t)=72ι[f(x+す)]cos与(x十す)十打。レ(x+す)]
i， x = 0， 1， 2， ・， η; 
b) 各種差分のフーリヱ定和分
f(x十1)十f(x)= f7f(x)， f(x+ 1)-f(x) = L1f(x) 
f(x十1)-f(x-1) = zff(x)， f(x十1)-2f(x)十f(x-1)= iJ2f(x-1) 
とすると， sin変換は，
ur J， ." N' N~' 1 Si [A2f(x-1)] = -sin -=-{(一 l)if(n)-f(O)f-DiS.[f(x)]， 












Ci[ L1f( xーを)]=同咋-封-f(す)+2sin ~: Si[f(ェサ)]，
Ci[Vf(x-~)] =ー(一川n-~)-f(す)十2cos去ι[f(ェサ)]，
Ci似 z)}=-cosziN)一(一川n)}十2sin会町内)]









記号等については，図-1を参照しヲ AL，A叫ん， ltl， L1は夫々横構，上弦材，下弦材，
















All ，-' 。→)' (，-+1)' 
/"' パパ、写、ふ/卜¥ /卜¥ 一一一一告Tr' 
WイF 刈/ X↓/ ¥レ/ w， Ir 





K1 = 2EAL/ A'， K2 = 2EA，/ A， K3 = 2EAdん K4= EAd/h'， 
K5 = EA/bぺ とすると
ro点回りについて，フックの法則により変位と部材力の間に次の関係がある。
芯吋 =K1 {(U~+告ば) c叫+(ωμ-W~) 叫}
Sr+き =K1 {(山-U~)C叫+(W~-WrH)sin s}
S~O= K1 {(U~-U:) c叫 +(ω;ー 叫)sin s}
思 =K1 {(U~一山叫+(W~-Wr) 叫)
ラ
〉
ro点回りに関してzui方向(軸直角方向)， U~ 方向(軸方向)のつりあいをとり ， u~， W~ を消去
して，例えば S~ については，
S~ 口 K/2+山一山叫十(ω;吋-Wr) ω)
となる。他についても同様の関係が成立し，r点回りの u方向つりあい式
Sr-Sr-t+(S~-S~一昔)cos s = -Trに代入して
K2 (ur+告+Ur き)+K1/2 ・ (U~吋十u;一昔) COS2 s-2(K2+Kd2・cos2s) Ur 





ω方向(以下において ωγ 出 Z44，zufzwrFとする。)つりあい式
Kl/2・coss'sin ß(u~+ 吾-u;. 圭)-K1sin2 s'wr+Kd2・sin2ß(W~十吾十 zu; ー告)
十Ks'cos rド(W;:-wr) COS r十ば -V~/)叶 =0
]"' 点u方向つりあい式
K2(山十uJ計十凡/2川十Ur 告引仰)川c∞O叫s




r Tr Tr 0 ^ • Tr 0 (Tr • K， 0 ^ ¥ i ". (Tr K， 0 ^ ¥ -4 ~ KIK3 cos2s + K4 cos2α(K3+一一Lcos2s H必'+(K3一一上 cos2s 1 K3LJ2uに11--'--0--- ，~ • -. --- ~. ¥ --0' 2 --- '~J 1 .，. . ¥--0 2 --~，~ J 
+Kl cos2 ßK3 (LJ2 U~".1+4u;:')+K3Kl COS s sin ß(ω九l-W~'_l)
十Z(K3+1号?C∞O川S2I 
+2(ι+守山)K4 cos a sin α(ー 叫山ぺ)
=-2(ι+与ω)T~' 
W 方向のつりあい式
~1 K3Sin2ß(LJ2 w~'_1+LJ2 W戸l)-Kん川 COS ß(U~~.l-Uに 1 以1十 U;:':'l)
+2(ι+号cos2s) Ks COS2 r .4(叫 -w';)
1 / TT • K， 0 ~ ¥ 
十三ZK3十三LCOS2s 1 Ks∞s r 'sin i・4(v;: ザ)= 0 
り方向のつりあい式
K4 sin α・cosα(Ur時 -14一長)+2K4sin2α叫'-K4sin2α(叫+昔+Vr吾)
十Kssin r cos 伽r-W~/) 十L K55idM-W) 
(H可)--z-fL(U叶 -2v;'+叫告)=-g什 p'，!
r'"点u方向つりあい式
-4 { K3 K1 cos
2 s十(ι+号Lcos2 s) K4 COベU::"+(ι1号手c∞O叫S2









=-2(ι+ ~1 COS2 s)T;:' 
む方向のつりあい式
K{sin αCOSα (u九吾+u~_告)十2K4sin2αV;." -K4 sin2α(叫叶+叫ー 寺)
+Ks sin r cos円叫Fー 叫)+tK4sidmr-d)
(1十万)--).-司(V;十吾-2v;:'十叫一昔)=一例+p;:'
(γ をー)点u方向のつりあい式
K2(ur+Ur-1)+ K1/2・cos2ß(U~+U~.-1)-2(K2+K1/2 ・ cos2 s) Ur一号
+与 coss s州ω~-w~ー什K4 COS2α (U~' +u;:-1)-2 
+K4 COSα'S1nα(V;.'-V;'-l) = -T1・一号
W 方向のつりあい式
K1/2・(ール+仏 1+U~-U;・ 1) sin s cos s+Kd2・sin2s(ω;+ω;-1十τv，.+Wγー1)
-K1 sin2 s(Wr 号+W;._壬)= 0 
U方向のつりあい式
K4 sin αcosα(u;Fー に1)十K4sin2α(叫'+りに1)-2K4sin2α以→

























Y +K3(ui'十uo')十1KIC082βK3(ui"十ui")十一上 coss sin sK3(ωi"-WO") 2 
K32(ι+与∞S2s)的'+2(ι+与-cos2 s)K4 cos2 a: 
( ) 171 rア
xj(時 -uo')∞s叶(バ一月)sinα}2(K3+三 ω2s) T;: =一?C052p
r TT' ''， ''''， 1 TT 0 0' "， '" K， o. 0'" ...) X {K3(U'，;' +u'，;~付 2 K1 cosリ(叫+U'，;-I) ヲLcos s叫 (w:':-w;:_川
十号 cos2s'2(ι+与cos2山号coss(ι+ 1~1 cos2 s) 













i = ト~(一山t 尚一トCi[U刃包=i仇(一山;uo十Ci[U，.]
百二 -id(-1)4十;ωr叫川Uj十号二 C[u~十き]，Ui十号 =Ci[uγ+吾]，
科FFzEみ[v;.']，
<Il乞 =Si [1L'r]， W包ーl幸二 Si[Wr十告]，
Ti+吾=C[Tγ+去]，
H~(仰)=Sï[gザ]，
あi'= Si [v~'] 
告j+号ニ Si['V~刊，]，










Tj十吾 =Ci[ T~Hl 
'Pi' S包 [P~' ]， 'Pi" = Si [P;"]， 




al，1 0 al，3 al，4 。。。。。o al，12 0 I包 C1 
o aZ，2 a2，3 a2，4 0 。。。。。o a2，12 0 ;::/ lli C2 
a3，1 a3，2 a3，3 0 a3，5 0α3，7 0 。o a3，11 0 。 Ui十長 C3 
α4，1 a4，2 0 a4，4 0 a4，6 0 a4，8 0 o a4.11 0 。 14;吋 C4 。o a5，3 0 a5，5 a5，6 0 o a5.9 0 。o a5，13 ur C5 。。o a6，4 a6，5 a6，6 0 。o a6，10 0 o alQ，13 -:;-;1 / Ui C6 。o a7，3 0 。o a7，7 a7，5 a7，9 0 a7，11 0 a7，13 Nν;，~， C7 。。o aS，4 0 o aS，7 aS，8 0 aS，10 aS，1 0 aS，13 三‘三J各'" Cs 。。。o a9，5 0 a9，7 0 a9，9 0 。。。'L'i十寺。。。。o alO，6 0 al0，S 0 al0，10 0 。。z'j十告。o a11，3 a11，4 0 o a11，7 a11，S 0 0α1，11 a11，12 a11，13 W も C1 
a12，1α12，2 0 。。。。。。o aI2，11 a12，12 0 Wiキ量 C12 。。。o a13，5 a13，6 a13，7 a13，S 0 o aI3，11 0 a13，13 命jr C13 
ただし
(17 I K1 ___2 I.l ¥ _.. _ ~ _ ~ _ .， 17 ___ iπ
Cll，1 = a2，2 = -21 K 2 +一一 coss) al，3ー μ2，4= Cl3，1 = Cl4，2ニ 2K2・cos-;;一¥ ~~'" 2 ん "2n，
Tr 0 ハ tπ2_， ___ 1π 
al，4 = Cl4，1 = Cl2，3 =正[3，2= K 1 COS2 s. cos :-:. Cl3，5出向，6=2K4 COSαCOS-~-~-l ......... r -....'" 2n， ~~oJ， v -~'ic， V --~-'} ._，...， ~~ "-''--'V 21 
TT ^ l7r 
Cl1，12二 -Cl2，12ニa3，11= -a4，11ニα11，3= -a11，4ニa12，1ニー μ12，2ニK 1sin s cos s sinτ7 .'. ， 
Cl3，7寸 4，8= -a7，3 = -Cls，4ニ -Cl9，5= -ClI0，6 = 2K4 sin a cosαm;;， 
a3，3 = Cl4，4 =一中十f号去c∞O州S2リs+尚ιん c∞ωO白OS2
α仰5日3=吋 Cl6，4= 4(ι十与 cos叫んOS2αcosiE， 
「向a6，6-戸=一一一→イ4ベ(ι陥ιc∞ωO凶d州S2s仲十ιん CO内附ι印/ρ2.c∞O仰州叫)}一 (K3ι 一1号主 c∞Oω叫s
d仰5日9口吋α6，10 = 一-4(件ι +1号4c∞O州吋S2仰リs)同ιん c…sln α m 号
制 =a6，5=K1K3'cOS
2s(4-Di)， a5，13= -a6，13=ClI3，5= -ClI3，6=2K3K 1∞s s sin内 1nff，
a7，7 = ClS，S = 2K4 sin2α十fpsinZ山 (1刊)九/A， a7，s=Cl8，7=一号 sin2人
Cl9，9 = 
Cl7，11 = -a7，13 =一向，1= aS，13ニ-a11，7= ([1，SニK5sin r cos r， ([1，13 = 4K5 COS2 r， 
向如山1，1川1=日戸ニ一2瓜瓦ιん1凶s州一4払瓦ι5刊c∞ωO叫日d引引2勺刊J人， 仇山川1日1一t九U加1ロ山2，1= 2ばKιんμl凶バs討i叫 mf号;ι，a仇1山2一1ロ2=戸ニ一2瓜Kιんμl凶川s幻ω1I也凶n2♂z
“向印1口3，7=一一寸d川1臼3，8ニか+1号?山)同ιんμs幻叩inr ∞叫 α向印叩1臼山3，1日(伊Kん3+1与手 C∞O刊S2
α仇ω向ω13陥山山3あ，パρl臼13=-KιlKιん3S山s討i州 Di恥十-与号C∞O川S2
K， ~. ~ r ，. '" i G←= れι一4九一( 一→1肌 + 三寸L∞附ss'sin叫 Pパ恥巾i作竹ω叫附川0-川汁一ぺ十(ト刊一→日げ内)i匂同吋吋w叫匁サ北j上， 
(194) 
和分転換による吊橋擦度理論の解析について






'- "， I +瓦4刊SI出nα.c∞OSα.c∞OSc)一{いU;rF一(一1)ivり立'}-Ti+十号七， ;:，n I I 
C5 = -K3Kl C叫叫(什C084子){ω;:(げ wr)
-2附 Kd2'COS2 s) {Ti' + 1'6+(一川+んlnα …(バー(-)iv;:l}， 
C6ニ K3Kl叫品川1+∞s与){W;，'(-l)包-wr}
-2山凡/2，cos2 s){ Ti" + 1'o" +( -l)iT;;'十K4sinα…M 一(-l)iv;，')，
C7 = -Hi(仰l+ρi'， Csニ -H色(gザ)+FY，
C←9=エ一一-K4ιん凶A川5討m山i泊n
十H乙包+吋昔(匂g抑ザ扮)一P吉包+告
ClO = -K4 sin2α山会{vo"-(-lJiV;，"}-2日)Hg'sin会{vo"-( -1)i v;，"}!ぇ
十Hi十昔(gr;)-Pi十吾




今荷重は対称荷重とし， 両端単純支持即ち vo=吋=吋/=Vh" =Vn=V~= 7./~ =v;:'として上式を
書き直すと次の如く元5の連立方程式にまとまる。
[oo o U. i (lJ可a2，1 ([2，2μ2，3 ([2，4 0 1 Ui+告。α3，2([3，3 0 ([3，5 1 i'/ 
o Ll4，2 0 a4，4 a4，5 1 V~' 
o 0 Ll5，3 ([5，4 a5，5) 千三十寺
十~ ~ -円、
I I 、-~ーにJ
I 0 I 
ニ I0 I 






([2，2 = ([1，1 -2K4 COS2α， 




a2，4 = -a4，2= -a:3，5= -a5，3 = 2K4 COSα・s1nα'sin"一
ムn， 
Z7r 
a4，4ニ -a5，5= 2K4 sin2α十4(1十万)Hg/ん a5，4 = -a4，5ニ a4，4・COS万五，





ゐ=0{ ~ . C1 • C4• sin与+叫 (4-Dzl/4'sin号}!{ム(川+地l}; 
h=(51G m37寸 C2，C5'sin与}/{D包(品川+地l}; 
ト(す C4・C4'sin与+C3，C5'sin去}!{Di(川十叫l}; 
科，={(-C5十C6D，)C5'COS ~ -( -c5+cs.D1，) C4}!{Di(DiM1十九)}; 
ViH = {-(一日A)GmZ+(一日7Di)C5}/{Di(Dz 
7こ7ごし M1=a1，2・a2，1・a3，3・a4，5・a5，4/16.0;
叫 =吋吋~α向a1.1口{…5日以5(一4仇正α向札山…13，仰3a丸M川川川洲G向2向 2山どα向灼t勾れl2，3-口 一向山…，2川洲a仙山川α向如1日叫1)+a
a向山一ZμU叩山4，2ω川2叫山α向5恥 a向3，3一α向1.1μ向灼3口い0; 
C1 = a1，1 (a2，4 a3，5 a:5，3十a2，3Cl5，4Cl3，5-4α2，4a3，3a5，5)/4.0;
C2ニ α1，ICl2，4a3，3a4，5; C4 = Cll，lal，IX5，4Cl3，5; 
C3 = al，1 (Cl2，4Cl3，5 a4，2+Cl2，4a3，2 a4，5-al，1 Cl4，4α3，5)/4.0 ; 
C5ニ al，1(a2，3 a4，2 a3，5 -4Cl2，3 a3，3a5，5 -a2，2Cl2，2a5，5)/4.0 ; 
C6 二-al，ICl，ICl3，3Cl5，5/4.0; C7 = al，1 Cl3，3(Cl1，1 a4，4-Cl2，4 Cl4，2)/4.0 ; 









+;い0仰川咋吋ザぺ作(ド5ι1川 同山十山2川 Mj+l叫凡町恥恥削いケ川州l'吋4う七);川7一，以 ，川rη「一→LいM，川η川; 
仏十「一t孔ι十吋4告
一G2川いO叶;Pι山川'cCl己1叫 一-Gj(7 川+刊ο1山川(収hυ1ハ，パc)+G2山(い7 川 G2川(い什仇川rη引aコγ叫，バCめサ)}  
-g1J/M2.[cd2.O {一九円)+恥同0/ε刷)
むー/4.0'{只(1'-1)十日(r)一九日十九ヤ)}];ベ以スーい-1; 
←-f pc十点叫{-Gj(r-Oい 0.5)十Gj(r+O日 0.5)+Gz(r-Oい 0.5)
-G2(1'十0.5ラc+0.5)}+ ，1"，・1・C4/M2・1-Gj(r-1，c)+Gj(1'十1，c)+Gz(r-1， c)I .16 ~"'q; ~.~" 1 
1 "r I ，"，~ "'-" ~ ， ， • r 1". ，.." • " ，-'1 ~ ， ，1 -G2(叶 1，めr-g1J/M2・I(む/8ー も/2)Fk)+j-8 (1 +s/4) C4十山内(r)l;
1'=0，1，2γー，n-1，n; 




+ ~ P，.[c刊 (ドCωj(巾い川7
一寸η川 申いケ山(1'-1)叶叫一→幻十叫叫凡ね恥(い川7
十(ぽÇ7/Mj 十 fらω5/川λM2勾ジ)1い1.ρ0/με♂叫.ベ(は1.0-}九~(令ケr)ト一 1一凡(川l'めeう'l fい r膚'=0ラ 1 ， 2 ， "'， n-2， n-'l; '."1 -¥. . ;)¥' J 2 ~ L.¥' J I 
ただし ε= Mz/ Mj; 2 cosh 0 = 2 +ε; 
(1刈(n-c)/η




fsinh O(n-c)'sinhθ. r/sinhηo 7百 C
G2(r， c)= ) 
Isinh.O・c'sinhO(n-1')/sinh nO r詮c
計)=-[伽均十(沖(一州十n;
















F3(r)ニ r(n-r)/2;凡(r)= 2 sinh (0/2)' sinh (nO/2)・sinh0(r-0.5n-0.5)/sinh (nθ) ; 
凡(γ)= 2 sinh (nθ/2)・coshθ(r-0.5n)/sinh(nO); 
F6(J-) = 2 cosh (0/2)'sinh (nO/2)・coshO(γ-0.5-0.5n)/sinh nO ; 
又活荷重張力は，鉛直変位の和分により与えられる。
1ιI 
H・L8/KAcー す・早川/2=0; 予=8刀L2; f:サグ，
rL 










死荷中tq= 16.64 t 1m 






















































叉計算例は本州四国連絡橋 L-ll00のデーターを用いた。 (昭和48年 5月21日受理)
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戸岸斉 浪倉藤郁紘夫機図 静止水中に横置した氷柱回りの自然対流索ば云達率 海日本道伝グ熱ル研ー究プ会研究北会 47.10. 7 
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安横山菊 村地附内 秀千弘 録シ字美 BCC金属単結晶のtrJ削機構に関する物性論的研究 道発日本学表機生会械会前学第刷会2回北卒海論 48. 3.11 
柳 忠書弘 夫
菊!核回Ll地付村内 之字美 BCC金属単結晶の核生成に関する研究
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道学生会第2回卒業 48. 3. 
研究発表会前刷集
日本機械学会北海
道学生会第2回卒業 48. 3. 
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日本鉱業会春季大 48. 3.29 
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春季学術講演会前刷 47. 5.23 
No.721 
日本機械学会第818








































Jour. (Sapporo)， Vol. 
























































































47. 11. 16 北海日本金属学会進支部大会Al-Zn共析合金の超塑凶:
日本金属学会誌
























The Mechanism of Formation of Iron Oxide 












47. 6. 1 
47.11. 
47. 10. 19 
Corrosion Science 






会資料 p. 115-126 
日本金属学会
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加納久雄 の被毒効果 1972， p.1819-1823 
Deactivation E妊ectson the Silver Catalyst by Products of Oxidation of Ethylene 
Akimi Ayame and Hisao Kano 
Nippon Kagaku Kaishi， 1972， p目1819-1823
The e丘ects of C2H40， HzO and CO2 on the catalytic activity of silver 
promoted by potassium sulfate for the oxidation of ethylene were studied in the 
flow system at 250oC. 
CZH40 deactivated the catalyst from its original active states to lowcr active 
state. HzO and COz retarded the deactivation by CZH40. The retardation effect 
of HzO was larger than that of COz 
From these results and the e妊ectsof high temperature taeatments of the 
catalyst， itwas suggested that the stationary catalytic activity of silver under the 
reaction conditions might be given by the competition between the promotion 
of deactivation by C2H40 and the retardation of deactivation by HzO and COz 








Molecular Orbital Study on the Polarographic Reduction of 
Substituted Fulvenes 
Noboru Takeno， Nobuhiro Takano and Mutsuo Morita 
Nippon Kagaku Kaishi (1978) 983 
The halfwave potentials of 6・phenylfulvene，ふmethyl-6・phenylfulvene，1-benzy-
lideneindene，9-benzylid巴nefluorene，and their derivatives witht-methyl，p酌methoxy，
and ρ-N， N-dimethylamino substituents on the phenyl group were studied in 
relation to the lowest vacant molecular orbital energies which were calculated 
on the basis of the LCAO-MO methods. The parameters of coulomb and 
resonance integrals for hetero atoms which were proposed by Streitwieser and 
Zweig were adopted. 
The linear relationship between the halfwave potentials and the lowest vacant 
molecular orbital energies by HMO method gave the correlation coe伍cientof 
0.959. Furthermore， the results using 0.9 s and 1.1戸asresonance integrals for 
cssential single bonds and essential bouble bonds， respectively， in HMO calcul-

























on， Data Reports. 
No. 17， (Glaciology) 
132， (1972) 
分析化学カリウムの同位体希釈質量分析
Chemical Constituents in the Surface Snow Co-
ver in the Mizuho Plateau West Enderby Land 


























T.Torii， h podlum，Potassium and Magnesium Comentraト
ion in Polar Snows. K. Fujiwara 
室住
用水と廃水
14， 7， 909 (1972) 
触媒


























































47. 8 粉体と工業 4，8 海洋流出礼Hの処理と粉体治犬渡辺
47.10. 粉体と工業 4，10 友ilエネノレギーと粉砕治夫渡辺
48. 2. 粉体工学研究会誌10， 1 界面勤電現象治夫渡辺
47. 4. 1 第26春日本化学会
季与会シリカアJレミナ触媒の浮砕による酸性君主化向井出健一








Journal of Chemical 
Engineering of Japan， 47.12 
5， 193 (1972) 
化学工学， 36， 1151 
(1972) 邪魔板付横型携持槽の所要動力
Effect of Baffie Plate on Absorption Rate of 






The J ournal of the 
American Ceramic 














47. 4. 1 
日化会道支部 76









48. 3. :30 
48. 2. 
J. Chem. SOC" 
Faraday Trans. 1， 
1973， 69， 481-499 
白金電極じにおけるヱチレンの水素じよる選〕じ
Hydrogenatiun of Ethylene un Metal Electrodes 
Part 1-Reduction uf Ethylene with Hydrogen 












前香高 野川橋 義英良 E俊久[S 打撃式さく岩機の打撃効果 (2) 開発技報， 15 48. 3. 5 
単軸衝撃荷重下での砕製物について大和明夫
徳i口コ 田昭八郎 ーシングルトッグJレジョウクラッシャの破砕機構 開発技報， 15 48. 3. 
田豊 に関する基礎的研究(第5報)一
沢朝鈴 木田日 秀義節 夫定 a密試験における 2，3の圧密特性と砂分の影響 支日本部鉱研業究会発表手z海道 47. 6.22 
沢朝中 田日 義秀雅 夫定 人工-砂剛層性における垂直応響力分布についてブロックの影
日本部m鉱室9色o/'業蘭込会工斗H大血北開海発道技
支術研究耳共催研究発 47. 8.31 
表会
藤沢朝 田日 義秀良 夫定一
日本部研t.鉱究室業会 北海道
剛性盤上の砂層内の垂直応力分布について 支術 蘭ム工大開発究技発 47. 8.31 五共催研
表τE
Tohoku Univ.， Sci. 
Yoshio Th巴 SubsurfaceGeological Structure of the All-
Sawada uvial Plain of Muroran， Hokkaido Rep.， 2 nd ser. (Geol.，) 48. 2.25 Special Vol.， No. 6 
Abstract 
The general features of the Quaternary sediments and the post司、ertiaryvall-
eys buried in the A11uvial plain of Muroran based upon the data from the 94 
bore holes， standard sounding tests and geo巴lectricalobservations are summarize 
below. 
1. The Quaternary sediments in the present area can be classi五edinto six 
units: a-I， a-II， b， c， d-I and d-II， from the younger to the older. 
2. a-I unit (Alluvium) consists of soil， clay， silt，五neand medium grained 
sand and peat which comprises the major part of this unit. The unit is 2-4 
meters in thickness. The peat bed is 0.5-4 meters thick and occupies the larger 
part of the area. 
3. a-II unit is the Alluvial river deposits and consists mainly of round or 
subround boulders and pebbles of andesite， 2-4 meters in thickness， and is 
distributed along the Washibetsu and Chiribetsu-rivers. 
4. b unit， the major part of the Quaternary sediments in this area (Di11uvium 7) 
consists mainly of pumiceous，五neand medium grained sand intercalated with 
silt layers containing semicarbonaceous matters and indeterminable sh巴1fragme-
nts. The age of this unit may be Di11uvium judged from the subsurface stra-
tigraphical features and the N value of the standard sounding test which exceeds 
15. The maximum thickness exceeds 24.5 meters in the southern part of the 
present area， where， the lower limit was not con五rmedat the depth of 30 meters 
irom the ground surface. 
5. c unit (Dilluvium 7) consists mainly of clay and silt. It overlies the 
basement Tertiary formations with unconformity， and is conformable with b 
unit. The average thickness is 3-8 meters but attains 10.3 m巴tersin maximum. 
6. d-I and d-II units are the weathered part of the Dilluvial Washibetsu-
dake agglomerate. The former unit consists mainly of pumiceous silt and the 
latter mainly of volcanic breccia. In the present area， these units， totaling 4-8 
meters in average thickness are distributed in the northern hilly area. 
(210) 
7. One of the notable features of the subsurface reli巴fof the upper bedding 
plane of the basement Tertiary in the present area is the Y shaped buried valley， 
the main branch of which extends in NE-SW direction along the Itanki-hama 
coastal line and opens to the Paci五cOcean. The height of the valley bottom 
is 20 meters below sea-level， and its depth from the ground surface exceeds 
25 meters. Another feature is the subsurface fiat plain situated between th巴 two
branches of Y shaped buried valley， here， the base of the valley is 0-10 meters 
in height， and its depth from th巴 groundsurface is 3-10 meters. 
The pre-peat bed subsurface relief is much different from that of the base-
ment Tertiary. The outstanding feature of this subsurfac巴 reliefis the buried 
narrow ridge in the eastern part of this area extending in nearly N-S direction 
and the soft sediments (a-I unit) are less than one meter in thickness and 
distributed without the development of the peat-bed. Another feature is the 
broad subsurface fiat plain in the northern part of this area， its average height 
is about one meter above sea-level， and its average depth is 1-2 meters from 
the ground surface. 
沢朝中 田日 秀義雅 定夫男 人工砂削件層:における垂の直影応響力分布についてブ白ック ー 開発技報 15




一1m深地による地下 布の推定 開発技報 15
沢田富義佐夫男平野
カオリン粘土，石英砂混合土の圧密特性に関する 開発技報 152， :3の実験
土 木 系 (土木工学科，建築工学科)







矢板の側方座屈について 土次要学木集学術I講会演会第2講7演四年概 47.10. 
沢田知之
能町純俊 雄 上解下析床版と縦横リブによるサンドイツチプレートの 土次学木学術会講演会第2講7演回年概 47.10. 大島 之 要集 I
松能町岡 健純一雄 方限マノレチセノレ構造体の応力解析について 土次木学学術講会演会第2講7演@]年概 47.10. 
佐藤 |事 要集 I
古松包 囲伺了 純健一雄
和分変換による吊橋携度理論の解法について 土次要学木学術会講演第会2講7演四年概 47.10. 
小針憲司 集I
能町純雄 F ourier-Hankel変換を用いた非軸対称三次元応力 講第録2演集2会回応用講演力学論文連合抄 47.12. 松岡健一 解析について




































































A Method of Solving Axially Symmetrical Stress 
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48. :l. 24 騒音のやかましさに関する研究 (1)ー単位騒討のやかましさに関する研究動向の展望ー
一連の騒音のやかましさに関する研究の基礎を固めるために， 1950年代以降の欧米の
やかましさ研究を通覧し， 1)等属性曲線に関する研究， 2)純音補正法に関する研究，




































































一対比較法による基礎実験を行ない，これにもとづ、い-C， Duty Cycle 50%の騒音につい
ての EPNL断続音補正法実験式を提示した。
大築ホl夫 ラ{メ型ン接接合合部の応場合力解析 日本建築学会学術一「 部の について 講演梗概集 47.10. 
大熊築，~}î 喜和一夫 ラーメン接合A口. 部の応力解析 日本建築学会北海T型接部の場合一 道支部第39回研究発 48. 3. 表会論文集
大築和夫明 有一限要腰壁素法によるラー メンの解剛性析t 
日本建築学会北海




Science and Enginerring 
Vol. 8， No. 1 Oct.， 1973 Whole No. 23 
Stress Analysis of a Model (miniature) Truss . . . . . . K Hamada and M. Naito 1 ( 1 ) 1 
Hydraulic Transport of Solids in Pipes 
Part 4. The Experimental Formulae for the Terminal Velocity of a 
Sphere decelerated by the Pipe Wall and the Flow Velocity 
to maintain the Suspension of a Sphere in a Pipe ・. • • • K. Okuda 
Simulation Using Compuler Model on the Nucleate 
Boi1ing Phenomenon (1) . . . . . . . . . ・田 H Yamagishi and Y. Hanaoka 
Relativities between Sets and Measurements . . . . . . . . . . . . Y Kinokuniya 
Totally Ordered Linear Space Structures and Separation 
Theorem in Real Linear Topological Spaces ・・ ・・・ ・目. K.lwata 
Porosity E妊ectson Y oung's Modulus of Graphite . . . . . . . . . A.Matsumoto 
The Influence of Mg addition on the Superplastic behaviour 
。fthe Zn-Al eutectoid alloy . . . . . . . . . . . . Y.Tanakaand K. Ikawa 
Carbon Reduction of Chromite in Argon Flow 
H. G. Katayama and A. Tanaka 
Outdoors Insulators Contamination Test under Direct 
Voltage Application . . . . . . . . . . K Honma， H. Nozaki and K. Okubo 
Adsorption Behaviors of Oxygen and Carbon Dioxide on Silver 
• A. Ayame， Y. Ito， H. Kano and T. Kanazuka 
Flow Patterns of Liquid in the Horizontal Stirred Vessel 
K. Ando， T. Muramori and 1. Oikawa 
Studies on the Method of Continuous Operation in a Horizontal 
Stirred Vessel .ー. . . . . . T Fukuda， K. Idogawa， K. Satoh and K. Ando 
Studies on the Volatiles of Holohyaline Rocks from the Hokkaido 
1 ( 9 ) 9 
1 (19) 19 
1 (29) 29 
1 (43) 43 
1 (49) 49 
1 (59) 59 
1 (75) 75 
1 (87) 87 
1 (107) 107 
1 (115) 115 
1 (121) 121 
1. Weight loss on Heating . . . . . . . . . . . . . . . . . . H.Shirahata 1(131) 131 
Studies on the Volatiles of Holohyaline Rocks from the Hokkaido 
2. Evolution of Chlorine on Heating . . . . . . . . . . . . . H Shirahata 1 (141) 141 
Fundamental Studies on the Most Pro五tableDistribution Ratio of 
Chord Members on the Reversed Lohse Bridge of Three-Span 
Continuous Girder Type (Part 2) 
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